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A detailed oceanographic survey of the coastal waters between
Monterey Bay and San Francisco Bay, California, was conducted from
10 through 18 May 1969. Measurements of beam transmittance, sound
velocity, temperature, and particulate count were obtained. Over
500 water samples were taken for particulate analysis.
The optical properties of this region were found to be very
complex. The waters appeared to be affected by flow from San Francisco
Bay, littoral material, upwelling, and possibly sewage outfalls during
the survey. A greater volume of water with low transmissivity and
high particle count existed in the northern region of the survey area
than in the southern region. An eddy system between Monterey Bay and
Point Ano Nuevo was suggested.
Approximately 90 percent of the particles affecting beam trans-
mittance were less than 12 y in diameter. Particle sizes were found
to decrease with increased depths. A fairly good correlation of beam
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I. INTRODUCTION
A. PURPOSE
The recent rapid increase in the application of oceanography
to solve military, economic, and recreational problems has dictated
a need for additional data on various properties of the sea. One
branch of oceanography that is able to assume a significant role in
solving these problems is optical oceanography. The inherent optical
properties of sea water and the distribution of underwater light,
which are intimately related to the physical, chemical, biological,
and dynamic conditions of the sea, can be used to characterize water
masses. A number of investigations have been conducted to delineate
the relationships between the optical properties of the sea and other
oceanographic parameters, in order that optical measurements may
become more useful in the study of the world's oceans. One such
investigation, involving a specific optical parameter, light atten-
uation, was conducted in Monterey Bay late in the summer of 1968 [21]
.
The present study involves an extension of that work. The initial
goals were: (1) to provide detailed information on the distribution
of light transmissivity in the coastal waters immediately to the north
of Monterey Bay; (2) to further investigate correlations between light
attenuation and other oceanographic parameters; (3) to determine coastal
influences on the optical properties in the region; (4) to investigate
Numbers in brackets refer to the listing in the Bibliography and
the page number of the item cited.
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the movement of particulates along the coast between San Francisco
Bay and Monterey Bay; and (5) to study the near bottom profile of
particulate matter.
To achieve these goals 79 oceanographic stations were occupied
in the region of interest, and the following specific parameters
were obtained during the period 10 to 18 May 1969: Beam transmit-
tance, sound velocity, depth, temperature, salinity, and size
distribution of suspended particulates
„
Upon completion of the program of observations it became apparent
that the present work would provide the first extensive detailed study
of the coastal waters between San Francisco Bay and Monterey Bay —
waters which are being considered seriously as future sites of major
oceanic sewage outfalls [17]
.
B. BACKGROUND
To interpret the optical properties of natural waters it is
necessary to understand the primary factors affecting the propagation
of light in these waters. The ocean is an absorbing and scattering
medium for light [12, pi] . The scattering is caused by the water
itself and by suspended particulate matter, while absorption is caused
11
2by the conversion of light energy into heat. A beam transmissometer
is an instrument having its own light source and receiver/ which can
be used to measure the total light attenuation, including both scat-
tering and absorption losses over a fixed path length. Such an
instrument can be very useful in the study of coastal waters [8,p74]
.
The influence of suspended particulates on light attenuation can
be observed. The sources of particulates in the ocean have been
pointed out by Jerlov [7,p73] . They can be living organisms, detritus,
inorganic or organic material from land or the bottom of the ocean,
and airborne terriginous dust. Burt [4] in his study of Chesapeake
Bay indicates wind mixing and tidal scouring as mechanisms for the
introduction of particulates to shallow water. Fukuda [6] has noted
the influences of irregular topography on attenuation. An increase
in sea water light transmissivity and a decrease in particulate content
with increasing distance from shore and influences associated with the
coast have been observed [3]
.
2 A beam transmissometer may be also called a beam attenuation
meter or "c-meter". It is sometimes called an "alpha-meter". This
is pointed out because a firm basis of definitions, applicable to
optics in the sea, has not been fully adopted. As a result, a confusing
use of terminology in the literature has sometimes occurred. The UNESCO
Committee on Radiant Energy in the Sea recognized the need for stand-
ardization of definitions and introduced specific terms to be used [11, p3]
For the purpose of clarity, the UNESCO definitions are followed in this
paper.
The intensity of a beam of light, I, received from a source, I
,
which has traveled over a path length, x, and has been subjected to
absorbing and scattering losses is given by: I = I e-cx . c is under-
stood to be the sum, c = a + b; a represents the effects of absorption
alone, while b represents the effects of scattering. For a one meter
path length, x = 1 m,and 1 = 1 e~c . Transmissivity per meter is defined
as T = I/I = e~G , while percent transmissivity is 100 I/I = 100e~c , if
the units of c are m .
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The horizontal and vertical distribution of suspended material
results in characteristic optical signatures for given regions of the
oceans. The horizontal patterns of suspended material in coastal
waters may be highly complex and are governed by wind drift currents,
tides, and land runoff [4,10]. The vertical distribution of partic-
ulate matter as measured by optical means has been discussed extensively
by Jerlov [11] , Fukuda [6] , and Joseph [12] . It should be noted that
the majority of particles generally tend to collect in the pycnocline,
but since the pycnocline is very often determined mainly by the tem-
perature structure, one finds particle maxima associated with the
thermocline. Ball and Lafond [2] noted that the particulate maxima
could occur either at the top of bottom of the thermocline. Joseph [13]
has noted that during upwelling high particle content and low transmis-
sivity can be expected, and that there is a need for more beam atten-
uation measurements in upwelling waters. In shallow water a logarithmic
increase in particulates with decreasing distance to the bottom has
been noted. But the observations have been inconsistent and the precise
reasons for such an increase are still in question [12,pl63] . Measure-
ments in coastal waters have shown that the general horizontal and
vertical distributions of particulates and attenuation are easily
altered by topography, local winds, tides, and land drainage, and that
patchiness is not uncommon [2,4,10,13] . This patchiness may make
contours, based on the connection of single observations at various
locations, misleading as compared to a time study of a given location.
The data of Yeske and Waer [21,p73] indicate that approximately 96
percent of the particulates affecting beam transmittance in Monterey
13
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Bay were less than 8.5 u in diameter. They found particle sizes
to decrease with depth.
Another factor that must be contended with is the possible
presence of dissolved substances v^hich affect absorption. Such
dissolved matter is often referred to collectively as "yellow
substance" or "Gelbstoff " [12,pl69] . Since yellow substance is
presumably formed from decomposed organic matter, it can be expected
that land drainage is a potential contributor to its presence in
coastal waters. Jerlov also points out, however, that it has appeared
in areas of upwelling that are free of coastal influences [12,p53]
.
A less important pigment which directly affects optical properties
is chlorophyll A. This is the most abundant type of chlorophyll found
in green algae. Determination of this substance can aid in determining
biological activity and, thus, possibly account for particulate maxima.
Fair correlation between chlorophyll content and transparency, as
4
determined from Secchi disc readings, has been obtained [14]
.
Land drainage has been mentioned as a factor which influences the
optical properties of the ocean. Optical investigations in general
have considered only river flow as a drainage source. The utilization
of natural bodies of water as sumps for sewage effluent has increased
tremendously with the growth of communities and industries. As a
result of this, the transparency of near shore waters has received
3
This value is different from that given by those authors. The
reason for the correction is given on page 56
4
Tyler has written a very worthwhile paper concerning the





considerable attention [18,p28] . Perhaps the one most concerned
with this problem is the marine biologist who considers that
decrease in water transmissivity may be one of the biggest factors
associated with ecological changes, for the light available for
photosynthesis is then reduced. Thus, beam transmittance measure-
ments are of the utmost importance to marine waste disposal research.
In general there exists a need for more transmissivity data to
evaluate the effect of waste on the receiving waters [12,pl63,18,p29]
.
C. OCEANOGRAPHIC CLIMATOLOGY
The area of study is located in the California Current, which
flows southeastward between a cell of high atmospheric pressure to
the west and one of low pressure to the east, and which is described
in detail by Reid, et al. [15] . Upwelling generally occurs in the
region from April through August at a time when the two cells become
more intense and move closer together [Appendix A, Fig. 15 J , and is
strongest in the study area from May through July [15,p30] . It was
anticipated that near surface measurements of low transmittance, high
particulate count, high chlorophyll, low temperature, and low salinity
would be observed in areas of upwelling. Winds were expected from the
north and northwest.
In an effort to establish an oceanographic climatology for the
study area during the period of survey that could be used for comparison
with cruise data, it was found that past detailed measurements were
extremely scarce. The past data that was found [Appendix A] is from
5
The term transparency is often employed loosely. It is used
here to indicate the depth at which a Secchi disc ceases to be
distinguishable from the field of upwelling light in the ocean.
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the California Cooperative Oceanic Fisheries Investigation (CALCOFI)
Atlases [5,20] and the Final Report of San Francisco Bay-Delta Water
Quality Control Program [17] . The latter report was undertaken to
review and collect oceanographic data along the coast from just north
of San Francisco to Monterey Bay in order that a decision could be
made as to where to place major sewage outfalls to handle the increasing
waste disposal problem in the San Francisco Bay-Delta region. The study
was conducted by the firm of Kaiser Engineers with assistance from
various State and Federal agencies in an area within the region of
interest of the present work. Figure 1 indicates the stations occupied
during the Kaiser study. The geographical landmarks adjacent to the
ocean stations occupied by Kaiser were Pillar Point (PP) , Point Ano
Nuevo (AN) , and Sandhill Bluff (SB) . Measurements for the Kaiser report
were gathered on several days a month from July through December 1967.
Monthly average surface temperatures obtained from ocean surface
isotherm charts published by Tiburon Marine Laboratory/ U. S. Bureau
of Sport Fisheries and Wildlife, for the region are shown in Appendix
A, Fig. 16-18 [16,Fig.VTI-6,VTI-7,VTI-8] . Surface temperature at all
the station locations is lowest in March and increases through May.
The CALCOFI ten-year mean temperature data for a depth of 10 meters is
shown in Appendix A,Fig. 20 [4] .The lack of detail for the region of
interest (indicated by shading) is easily seen. A temperature increase
for this region through May may be inferred. This rise in temperature
as shown by past data was not considered high enough to discount the
possibility of encountering upwelling during the period of study.
Representative temperature profiles for the upwelling period at the
Kaiser stations are shown in Appendix A, Fig. 20 [17, Fig. VTI-11] . It





















Monthly mean salinity measurements at North Farallon Island,
California, and Pacific Grove, California, show increasing salinity
beginning about one month after minimum temperatures occur. CALCOFI
ten-year mean salinity data for a depth of 10 meters, shown in Appendix
A, Fig. 21, indicate an increase in salinity occurring through the
spring [5]
.
During the upwelling period, the offshore current direction
[Appendix A, Fig. 22] is primarily to the south, while nearshore the
flow is to the north [17, Fig. VI- 8] . Special note should be taken
of a counter-clockwise current cell located to the south of Pt. Ano
Nuevo. CALCOFI ten-year mean surface geostrophic current measurements
for May [Appendix A, Fig. 23] tend to support this current description
[20].
No transmissivity, particulate, or chlorophyll measurements are
available for comparison during the upwelling period in this area.
D. CCASTAL INFLUENCES
Past work has indicated that one must not ignore such coastal
influences as topography and land drainage in optical studies of
coastal waters. The coastal area involved in this survey extended
from the entrance of San Francisco Bay to the Northern end of Monterey
Bay — a total of 107 nautical miles of shoreline.
The shoreline from San Francisco Bay to Pigeon Point is high and
rocky. The coast is broken only by several small streams. There are
seven sewage outfalls located along the coast. All outfalls in the
study area with their average flow in millions of gallons per day are













Between Pigeon Point and Pt. Ano Nuevo the coast is low and rocky.
Several small streams and one sewage outfall are located between these
points
.
From Pt. Ano Nuevo to Santa Cruz the shoreline is composed of
sanddunes and sandstone cliffs. Again only small streams and two
sewage outfalls drain into the waters.
Monterey Bay is a semi-elliptical bay having low shores and
sandy beaches. Three rivers enter the Bay but are not
considered in this study. Seven sewage outfalls are located within
the Bay.
The offshore bottom topography shows that the continental shelf
is about 26 miles wide off San Francisco Bay and gradually narrows to
6 miles off Santa Cruz where it is interrupted by Monterey Submarine
Canyon. In general the shelf along the entire coastline consists of
sand and mud, except off the rocky coastline where rocky bottoms
extend out to about 1 mile. Detailed descriptions of the geological
and topographical features of this area can be found in the Kaiser
report [16,pIV-l].
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11 - OBSERVATIONAL PROCEDURES
A, CRUISE PLAN
The study was conducted aboard the USNS DE STE1GUER (T-AGOR 12)
during the period 10-18 May 1969, The study area was the entire
coastal water region between San Francisco and Monterey Bays. Station
selection was based on the following criteria: To occupy stations
throughout the entire study area; and to provide as much station
density as possible in order that a detailed picture of the optical
characteristics of the coastal waters affecting Monterey Bay could
be obtained.
The cruise was limited to eight days, and thus a preliminary survey
technique such as that utilized by Jerlov in the Adriatic [10] , while
desirable to optimize station location, was not feasible. Therefore
a series of 87 stations along tracks extending from the coastline were
decided upon. The lengths of station lines were chosen such that the
furthermost stations would be relatively free of near shore influences.
Station lines were taken across the entrances to San Francisco and
Monterey Bays. Station spacing was approximately one mile near the
coast and from three to five miles farther out, Figure 3 shows the
position of each station. Table 1 contains the positions at the
beginning and completion of sampling at each station- Station lines
were occupied in alphabetical order, D through S. Stations within a
given station line were sampled in numerical order. The first station
of the cruise track was D-i; the last station was S-2. Station positions
were determined by a RCA CRN-NIC-75 radar. Position accuracies vary

















examined are shown in Fig » 6 . Figure 4 indicates which stations
were occupied during daylight hours and which during nighttime.
For the purpose of the figure, daylight is defined as 0600-2000
hrs Pacific Daylight Time (PDT) . It is presented as an aid in
interpreting transmission and particulate profiles, which could
be affected by marine life undergoing diurnal vertical migration.
B. SAMPLING PROCEDURES
The basic plan for data collection at each station was to make
a total of three casts. The first cast would consist of a beam
transmittance meter (c-meterj , sound velocity-temperature-depth probe
(SV/T/D) , and a salinity-temperature-depth probe (S/T/D) on 4H0 wire.
This technique would allow for a simultaneous measurement of beam
transmittance, sound velocity, temperature, salinity, and depth.
Readings were to be taken on both down and up cast to determine if
beam transmittance changed noticeably. Upon evaluation of the light
attenuation readout,teflon -lined Nansen bottles would be placed on
3/16" hydrographic wire to collect water samples at selected depths
of interest for particulate and chlorophyll A analysis. The third
cast would consist of lowering a bottom water sampler, designed by
the author, to collect near bottom water samples for particulate
analysis . Expendable bathythermographs (XBT) , mechanical
bathythermographs (MBT) , and protected reversing thermometers
were to be utilized at various stations for calibration checks on
the SV/T/D and S/T/D.
The actual field work did not coincide completely with the initial
plan due to equipment failures, battery charge requirements, shortage
of time, and better techniques discovered. Appendix F presents a cruise












When the water sample cast was retrieved, chlorophyll and
particulate samples were drawn from the Nansen bottles. Particulate
samples were preserved in 200 ml plastic bottles with 10 ml of Lugol's
iodine solution [20,p99]. Chlorophyll samples were prepared by
filtering about one ml of water through Whatman GF/C glass fiber
filters, The filters were folded, placed in plastic bags, and
immediately frozen. Magnesium carbonate was added to prevent acidity
and subsequent pheophytin formation [16] . Some 524 particulate samples
and 470 chlorophyll samples were taken.
The temperature profiles resulting from the 17 XBT casts which
were made are contained in Appendix El, while the major features of
the temperature structure obtained from the 7 MBT casts which were
made are contained in Appendix E2.
The seas were calm and the sky was overcast during the entire
cruise. Winds were light and variable from the beginning of the
cruise until the midway point after which they were predominately
from the northwest. Weather data were taken every four hours and
are included in Table 1.
The formula for Lugol's iodine solution is: 1 g iodine and 3 g
potassium iodide per 300 cm3 distilled water. Following preparation




A Marine Advisors Model C-2 c-meter was used throughout the study.
This is the same type of instrument used and described by Yeske and
Waer [20,pl5] . One correction to their description of the instrument
is that the selenium photovoltaic cell used by them, as well in the
present work, was an International Rectifier 49-1260 rather than an
International Rectifier DP-2.
The optical filter arrangement was identical to that used by Yeske
and Waer. That is, Eastman Kodak Wratten 61 gelatin filters were used
in conjunction with Schott BG-18 filters for reduction of optical
bandwidth and minimization of coastal water absorption and elimination of
infared during air calibration.
B. SOUND VELOCITY-TEMPERATURE-DEPTH SYSTEM
A Ramsey Engineering Co. Mk-1 Deep Sea SV/T/D probe was used
extensively throughout the cruise. It is a battery operated instrument
which measures sound velocity, temperature, and pressure directly.
Data are transmitted to shipboard equipment through electrical
conducting cable as frequency modulated tones and can be displayed
in both analog and digital form. The instrument probe is 25 inches
in overall length and weighs 78 pounds in air. It can withstand a
maximum pressure of 10,000 psi.
Sound velocity is measured directly by the "sing-around" method [7] .
A 4 MHz pulse of sound is generated and transmitted through the water
over a path of fixed length to a receiving transducer where it is
amplified and caused to generate a new sound pulse. A sound path length
of 25 cm is employed.
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Temperature is sensed by a pair of thermistors located near the
center of the sound pathc These themistors are part of the resistive
branch of the frequency determining network of a Wien bridge temper-
ature oscillator. A special compensation network is used to linearize
and fit the frequency-vexsus-temperature characteristics.
Depth is determined as a function of pressure, which is measured
with a Vibrotron pressure transducer,
The manufacturer's specifications state that the sound velocity is
1400 to 1600 meters per second with an accuracy of + .02 meters per
second; temperature range is -2°C to +30 aC with an accuracy of + .02°C;
the depth is measured to within + .25% of the actual depth.
C. SELF-CONTAINED SALINITY-TEM>ERATURE-DEPTH MEASURING SYSTEM
A Bisset-Berman Model 9030 S/T/D was used in the investigation.
The system is a completely self-contained, battery operated, in situ
instrument which measures and records in digital form salinity, tem-
perature, and depth data by means of an incremental tape recorder. It
was lowered for casts on nonelectrical hydrographic wire. The instrument
weights 120 pounds in air and has an overall length of 37 inches. Its
maximum depth limit is 4000 meters
.
Unfortunately the cap of the instrument housing was designed for
quick removal. Two cap retaining screws are attached to opposite sides
on the outside of the housing, which pivot into slots in tabs which
project from either side of the cap. The cap is then held in place by
large wing nuts which project a considerable distance above the top of
the cap. Had the two cap retainer screws and wing nuts been less
exposed, the instrument would not have flooded (see Appendix Fl) . It
is strongly recommended that such caps be modified for any future work.
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Salinity is determined in the S/T/'D by sensing conductivity, tem-
perature/ and pressure in a brxdge circuit which as an output error
signal that is a function of salinity only, Conductivity is detected
by means of an inductively-coupled sensor which uses seawater to form
a conducting loop common to two coaxial toroidal inductors. The
primary temperature compensation circuit consists of a double bridge
network incorporating two precision platinum resistance thermometers
for measuring seawater temperature, A secondary compensation circuit
compensates for the fact that the primary temperature compensation
circuit is only accurate at a salinity of 35V&©. It is connected in
series with the output of a balance amplifier and the primary temper-
ature circuit. The result is that the output of the balance amplifier
is the sum of both temperature circuits and is independent of temper-
ature for all values of salinities. The pressure compensation circuit
simulates fractional increases in conductivity with pressure at any
temperature. This is accomplished by the pressure transducer which
supplies an amplifier input proportional to pressure. The gain of
the amplifier is determined by a negative feedback circuit containing
a thermistor. This results in a gain which varies with temperature.
The temperature measuring • circuit consists of a temperature sensing
bridge having sensitivity and zero-adjust circuits. The sensing element
is a platinum resistance thermometer.
The pressure measuring circuit consists of a pressure-sensitive
strain gage bridge with zero and range adjustments.
The incremental tape recorder is a 7-track, IBM compatible recorder,
capable of holding up to 100 feet of half inch wide magnetic tape. Total
capacity is 200,000 characters, while the recording rate is 50 characters
per second.
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According to the manufacturer, the salinity measurement range is
31 to 36°/oo with an accuracy of + .02 o/Oo ; temperature is measured
from 2°C to 27°C to an accuracy of + .026°C; and depth is measured
with an accuracy of + .25% of the depth.
D. BOTTOM WATER SAMPLER ASSEMBLY
A sampler was designed to investigate the near bottom particulate
profile by taking water samples at precisely known heights above the
bottom. The assembly consists basically of two coaxial steel pipes
and attached water collection bottles. A schematic of the sampler
is given in Fig. 5 (note that the diagram is not to scale)
.
The inner 3 1/2 inch O.D. pipe has a one-quarter inch thick steel
disc attached to it. Tripping bars, attached to the inner pipe,
protrude through slots in the outer pipe. The outer 4 inch O.D. pipe
has a padeye at its upper end for attachment to the hydrographic wire
and an inner restrainer from which the inner cylinder is suspended
during lowering.
Three Kahl one liter plexiglass water samples were used. The
bottles were inverted on the sampler and tripped simultaneously by
the tripping bars.
It is assumed that the sampler strikes the bottom vertically and
provides water samples at distances 20, 70, and 120 cm above the
bottom. The sampler was used at three stations.
E. COULTER COUNTER
A model A Coulter Counter was used for particulate analysis. This























The measurement procedures followed were similar to those of
Yeske and Waer, with the exception that the entire assembly was
surrounded with a copper screen to eliminate outside electrical
interference, which could lead to false counts. A gain setting of
four was used.
The final sample for a given day was run as the first sample for
the following day, in order that any instrument malfunctions could be
determined
.
F. EXPENDABLE BATHYTHERMOGRAPH SYSTEM
A Sippican XBT system was used periodically during the cruise.
The basic units of the system are an expendable probe, a launcher,
and a recorder.
The probe consists of ballistically shaped housing containing a
calibrated thermistor connected to a spool of wire. When the XBT is
launched, the wire unwinds allowing it to fall at a constant pre-
determined velocity without being affected by the forward speed of
the ship.
The recorder is a conventional chart type and has a null-balance
positioning system. Since the rate of descent of the XBT is known,
depth is recorded directly on the time axis of the chart.
The manufacturer's specifications state that the temperature range
is -2°C to +35 CC with an accuracy of + .2 3C and depth range is 1500
feet with an accuracy of + 2% or 15 feet, whichever is greater.
G. MECHANICAL BATHYTHERMOGPAPH
A Type OC-1 (200 ft) Naval Oceanographic Office MBT was utilized
periodically during the cruise at shallow stations
-
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IV. ANALYSIS OF OBSERVATIONS
A. INTRODUCTION
Since throughout the cruise several instruments were used to
measure the same parameters, instrument evaluations were required.
This undertaking resulted in the decision to disregard all S/T/D
data. The reasons for this decision were based on comparisons (not
shown) of temperature profiles at stations during which XBT, SV/T/D,
and S/T/D casts were made and of salinity data as obtained by means
of Nansen casts. This unexpected performance resulted in the avail-
ability of salinity data at only four stations (Table 5)
.
Because of time requirements/ chlorophyll samples have not been
analyzed at the time of writing.
The purposes of this research have dictated that the data be
utilized to describe the optical properties of the study area during
the upwelling period of the California Current System; and to cor-
relate the several measured oceanic parameters with light attenuation.
To accomplish these tasks data have been presented in the form of
horizontal and vertical contour charts, station profiles, and relative-
size distribution historgrams for particulates. In several cases the
same figures are referred to in the description of the area and in the
correlation of parameters.
Horizontal contours of beam transmittance , temperature, and particle
count were made at depths of 0, 10, 20, 40, and 61 meters. The greatest
depth is that selected for the proposed sewage outfalls shown in Fig. 1.
Station positions are indicated on all the contour charts to show the
density of points used in drawing isopleths. Intervals of isopleths
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were selected to illustrate as much detail as practicable. Particle
_2
count is plotted as 10 ' times the count per 2 ml sample. SV/T/t),
XBT, and MBT data were used in temperature plots.
Vertical contours of beam transmittance , temperature, and particle
count were also plotted. These contours were drawn separately and
then transferred to each other in order to obtain beam transmittance-
particle count, beam transmittance-temperature , and temperature-
particle count overlays. Beam transmittance contours are plotted at
10%/m intervals, temperature at 0.5°C intervals, and particle count
as required to optimize definition.
Appendix C presents the station profiles of beam transmittance,
temperature, particle count, salinity, and calculated density against
depth. For purposes of illustration Appendix D contains particulate
size histograms for representative stations throughout the study area.
Histograms for the remaining stations could be plotted using Table 4
on p. 283 - 308, which shows the Coulter count in relation to time,
depth, and relative pulse heights.
B. ARFA DESCRIPTION
1. Horizontal Contours
Appendix B presents contours of measurements made during 10-18
May 1969. There are two very distinct areas, which appear on all the
charts and are of special interest. The first is located approximately
20 nautical miles (nmi) west of Point Montara and the second is just
off the coast of Point Ano Nuevo.
An examination of the temperature structure at the Point Montara
site reveals a core of cold water which extends from below 61 m to the
surface. A spreading of this core occurs with decreasing depth. The
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particulate contours show a high count in approximately the same
area at the surface and at 10 m, but at greater depths this feature
disappears. Beam transmittance isolpleths illustrate the same type
of behavior as do those for particulates. Low transmissivity occurs
in the region of interest down to 10 m, but by 20 m this feature is
no longer present.
Before concluding that the high particle count and low trans-
missivity are being caused by upwelled water, possible coastal influences
on particle count and transmittance were analyzed. Two effects could
influence this phenomenon, namely, the tidal flow from San Francisco Bay
and the complex of sewage outfalls around Point Montara. The tidal
prism for San Francisco Bay (i.e., the volume of water between high and
low tide) is 50 X 10 cu. ft. Fifteen to twenty percent of the prism
is replaced by new ocean water each tidal cycle. This is the principal
mechanism by which pollutants are ultimately removed from the Bay. The
average outfall of river water coming out of San Francisco Bay during
the period of 10-18 May, as measured just within the Bay entrance, was
36,000 million gallons per dayflJThe flow volume of the various coastal
sewage outfalls are shown in Fig. 1.
While these coastal influences should have a pronounced effect
on the near shore waters, the characteristics of low transmissivity,
high particle count, and low temperature appear to be due to another
cause. There are high particle counts and low transmissivity near the
mouth of San Francisco Bay and near Point Montara, but both are separated
from this area by lower particle counts and higher transmittance readings.
It was also observed that the highest particle counts and lowest trans-
missivity occur in the area of the temperature low. The assumption is
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made that these coastal influences could be reaching this area, but
it is concluded that upwelling exerts the greatest influence on these
waters. Reid [15] has pointed out that salinity increases with depth,
instead of the normal decrease to a minimum, in upwelling waters. All
four salinity profiles show an increase in salinity with depth. The
surface salinity at N-7 is the highest of the four, thereby adding
credence to the conclusion this is an area of upwelling when considering
the temperature, particle count, and transmissivity data. The require-
ment of northwest winds to produce upwelling was present during the
period of observation as can be seen in Table 1.
It is proposed that the upwelling is coming up the continental
slope from a depth of about 200 m. The depth suggested is based on the
fact that at N-14 the temperatures at 201 and 303 m are 8 .53 and 7.05°C
respectively (see Table 2, p 268 ) , while the lowest temperature recorded
at N-10, which is in the center of the core, is 7.12°C at 98 m (see
Table 2, p 266 ) . As the upwelling water attempts to move toward the
coast it is impeded by the natural southerly flow of the California
Current and the flow from San Francisco Bay. This results in the complex
spreading in the north and narrowing to the south. A conclusion is not
made as to whether the upwelling is beginning or subsiding.
Looking at the temperature structure near Point Ano Nuevo, one
notes the complexity of the situation. With no past models to guide the
contouring, the final patterns drawn should not be considered as exact,
as the data allowed various other patterns to be drawn. In all cases
however, the contours were complex.
The isotherms maintain an interlocking pattern through the 20 m
* chart, from which the possibility of the meeting of water masses to a
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depth of at least 20 m may be inferred. Particulate contours suggest
the same effect to 20 m, except for a high particle count at J-5
down to below 61 m. Beam transmittance contours are not as complicated,
but a suggestion of water masses meeting is present. There is not a
corresponding low transmittance for "good" correlation with the high
particulate count at J-5. Examination of the vertical contours of
Cross Sections 5, 11, 12, 13, and 14 [Appendix C2] reveals the pos-
sibility of interacting water masses and will be discussed in Section
IV.B.2.b.
It is felt that the patterns which resulted are due to an eddy
system at Ano Nuevo (previously mentioned in II. C.) . Furthermore, it
is concluded that this eddy system possibly exists to depths of 20 m.
The reason for the particulate high at 50 m at J-5 is not known. There
are no major outfalls or unusual topographic conditions existing at
these stations to account for this high. Coulter counts were retaken
for certain samples in this area, producing essentially the same results.
2. Vertical Contours
Vertical contours along lines approximately "parallel" and
"perpendicular" to the coastline are examined. Figure 6 shows the
cross sections considered. They are labeled 1 through 16, with the
numbers appearing at the ends of the corresponding sections. "Perpen-
dicular" cross sections are 1, 2, 4, 6, 7, 8, 9, and 10 are presented
in Appendix CI, beginning at p ^0 t while "parallel" cross sections
are 3, 5, 11, 12, 13, 14, 15, and 16 and are presented beginning at
p 115 of Appendix C2
.
a. Perpendicular Cross Sections
The 30, 50, and 70 percent beam transmittance isopleths



















turbid", and "clear" respectively. The cross sections will be examined
beginning with the waters immediately to the northwest of Monterey Bay
and proceeding up the coast to San Francisco Bay. Finally, the effect
of the motion of these waters south toward Monterey Bay is discussed.
Cross Section 4 (p 97 ) , to the southwest of Santa Cruz,
shows a wedge of turbid water at depths of zero to eight meters at
the coastline and at the surface at H-7. Relatively turbid water
extended out along the surface to just beyond H-6. At this point it
can be traced downward to a depth of 15 m at H-5. This depth marks
where clear water intrudes from H-4. It is then seen between H-7 and
H-8 at 25 m and down within 30 m of the bottom. Of particular interest
is the 40% transmittance reading obtained at zero and two meters at H-2
,
a value which is significantly lower than for surrounding stations.
Particulate counts at the same depths are higher than for encompassing
water and are thus in accord with the transmissivity data. The 11.0
and 10.5°C isotherms display a distinct upward bulge at H-2 near the
surface as compared to the remaining isotherms. This is suggestive of
localized upwelling near this station ,although the direction of flow
is thus far not indicated.
At Cross Section 6 (plOO) , south of Point Ano Nuevo, one
notices an increase in the volume of turbid water extending out from
the coast. Relatively turbid water is present at depths of 8-12 m out
to J-5, while turbid water is found at J-3 to a depth of 15 m. A clear
water intrusion reaches, from an average depth of 15 m, to a depth of
30 m between J-l and J-2 and down to within 10-15 m of the bottom.
Particulate isopleths and isotherms present an extremely difficult
picture to analyze. A particulate high at Station J-9 is not supported
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by corresponding low transmissivity, nor do the isotherms indicate
upwelling. The suggestion that an eddy systan exists in this area
has been made above and will be discussed later at p 41 .
Westward from Pigeon Point an increase of wider bands of
turbid waters continues as seen in Cross Section 7 (p 103 ) . Turbid
water is found between L-2 and L-3 with an average depth of 18 m.
Relatively turbid water exists at L-2 where it slants to a depth of
35 m at L-5. From this point it moves away from the shoreline 10-30
m above the bottom. Clear water intrudes between depths of 25 and
75 m to L-5. Particulate highs located at L-3, L-6, L-7, L-8, and
L-9 in the upper 20 meters lie within the turbid band. The 9.5°C
and higher temperature isotherms indicate the possibility of upwelling
effects in the region of L-l, L-2, and L-3.
Turbid waters at Cross Section 8 (p 106 ) , located to the
west of Point Montara, probably extend no farther out than N-12; how-
ever, no beam transmittance measurements were taken at N-13 and N-14.
Relatively turbid water appears at least to N-12 and follows the
contour of the turbid water. Clear water intrusion reaches no closer
than between N-8 and N-9 at 25 m. The pattern of isotherms between N-8
and N-12 distinctly shows the upwelling discussed in IV.B.l. on p 34
The 9°C and lower isotherms indicate a flow of cold water up the
continental slope from depths below 100 m.
Cross Section 10 (p 112 ) across the entrance to San Francisco
Bay illustrates the effect on transmissivity of particulates coming from
the Bay. Low transmittance, with the exception of a 60% band between
10-35 m, is found across the entire entrance. Particle count is also
high across the entire section. None of the upwelling effects noticeable
in Cross Section 8 are seen-
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Cross Section 9 (pl09 ),which extends southwestward from
the northernmost station of Cross Section 10, indicates turbid water
located in a 20 nmi wide, 5 m deep, band centered about 0-2 and 0-3.
Relatively turbid water extends out to just beyond 0-2/ going from
about 10 m, near the shore, to the surface at 0-2. Clear water begins
to intrude at 0-2, in a band from 15 m to 70 m, to P-l, which is
located 5 nmi off the coast/ at 25 m. A protrusion in the 9.5°C and
above isotherms, between 0-2 and 0-3, indicates upwelling. These
stations are to the northwest of the center of intense upwelling in
Cross Section 8. These facts, combined with particulate maxima
occurring at 0-2, imply that this is probably the northernmost extent
of the upwelling pattern. As in Cross Section 8, the isotherms for
temperatures of 9°C and lower also show a steep rise as they approach
the coast from below 100 m.
In summary, turbid water to the west and north of Point
Montara, appears to move farther and deeper from the shore than in
the waters to the south. The probable causes for this fact are the
tidal flow from San Francisco Bay, upwelling, and a concentration of
sewage outfalls at Point Montara. It is not possible to evaluate the
relative importance of each of these sources from the data obtained,
although it appears that the outfalls exhibited the least influence
during this period. The upwelling area seems to be bounded by Cross
Sections 7, 9, and 10. Upwelling in this region appears to start to
the west and south of 0-1 and N-13 at depths below 100 m. The as-
sumption of a southern source is based on the fact that the colder
isotherms are found at decreasing depths proceeding from off Monterey
Bay to the upwelling region. This is presented in a much clearer form
in the parallel cross sections (See for example p 136 )
.
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Cross Section 1 across Monterey Bay shows that on the
north side of the Bay turbid water extends from the coast out to D-6 [2]
.
There is some uncertainty to this evaluation since transmissivity
measurements were not taken at D-2 to D-6 [1] . Below these turbid
layers, clear water intrudes to 15 m, where once again turbid water
exists. On the south side of the Bay, relatively turbid water was
present at a depth of 15 m at D-14, a distance of 3 nmi from the
coast. Particulate maxima are found within these turbid regions on
either side of the Bay. The center of the Bay, which is bisected by
the Monterey Canyon, exhibits a rather complicated pattern of relatively
clear water ranging from 60 to 80 percent transmissivity. Between D-7
to D-9 at depths from 35 to 65 m the transmissivity was below 60%, with
corresponding higher particle counts. The pattern of isotherms suggests
either the onset or decay of upwelling over the center of the canyon.
Water movement into Monterey Bay to the east of Cross Section
1 cannot be determined in any detail
f
for no stations were occupied in
that region. One possible current pattern (Fig. 7) is that a counter-
clockwise flow exists around the perimeter of Monterey Bay, which passes
Santa Cruz and continues to Ano Nuevo. This flow possibly joins the
normal flow from the north and returns into the northern section of
Monterey Bay, thereby forming an eddy system. The basis for the above
supposition is that at D-l very low beam transmittance occurred from
the surface to 8 m, while at H-8 the beam transmittance for the same
depths ranged from 20-38%. The lower readings near Santa Cruz could
more easily be caused by a counterclockwise current, which is affected
by the sandy beaches surrounding the Bay, rivers emptying into the Bay,













the north which exhibits higher transmissivity than found in the Bay.
In addition, the 8 nmi band of relatively turbid water present on the
north side of Monterey Bay, when compared to the 3 1/2 nmi band to
the southeast of Santa Cruz, implies that the southerly flow continues
in that direction toward the center of the Bay instead of following
the coastline past Santa Cruz. Finally, a current from Monterey Bay
could more easily cause the complex pattern observed at Point Ano Nuevo.
b. Parallel Cross Sections
The characteristics of the near shore waters from the
northwest of Point Montara to southwest of Santa Cruz are illustrated
by Cross Section 11 (p 122 ) and Cross Section 5 (p 119 ) . Cross Section
11 is discussed station-by-station from S-2 south to L-9, which is
located southwest of Pigeon Point; following this, Cross Section 5 is
examined from L-9 southeast to H-8.
Along Cross Section 11, from Point Montara to Pigeon Point,
the water is characterized by low transmittance and high particulate
count. The patterns for both these parameters are extremely complex.
The highest transmissivity is 50%, which appears as a 5-10 m band,
between S-2 and M-2, separating the more turbid surface and bottom
affected water. The particulate counts at S-2, which is located directly
in the path of San Francisco Bay tidal flow and is possibly influenced by
the larger outfalls, are four to five times higher than the counts at
the stations to the south. Transmittance isopleths of 10-20% occur in
the same area. Another particulate high, of a lesser degree, occurs at
M-l. It is supported by low transmittance readings. A possible
explanation for this occurrence is the fact it is only 1 1/2 nmi from
the coast and may be affected by littoral material. A strong temperature
gradient of l°C/6 m exists around 10 m and shows no effect on containing
the particulate structure.
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Cross Section 5, from Pigeon Point to Santa Cruz, has a
most striking characteristic in that the isopleths of beam transmit-
tance and particulates are elongated and closed. It appears that two
different bodies of water are meeting at Point Ano Nuevo, which is
located at the distinct rise shown in the bottom contour. Particulate
count decreases from L-9 to the southeast, until at 1-2 the count
increases again. This fact adds credence to the argument that turbid
water is coming from Monterey Bay. As in Cross Section 11, the tem-
perature gradient appears to have no affect on particulate maxima.
Cross Section 14 (p 131), Cross Section 15 (p 134 ) , and
Cross Section 16 (p 137 ) , extend from the upwelling waters west of
Point Montara to the center of Monterey Bay. The beam transmittance
isopleths in Cross Section 14 again suggest a meeting of water masses
at Point Ano Nuevo. Point Ano Nuevo is located opposite the peak in
the bottom contour. A noticeable difference is observed between par-
ticulate content in upwelling water and that in the waters south of
Point Ano Nuevo. Particulate counts which are found at the surface
in the waters to the south are found below 20 m in the upwelling waters,
while the upper upwelled water contains noticeably higher numbers of
particles. The isotherms display a rise from outside Monterey Bay toward
the upwelling area, suggesting the possibility of waters from the south
acting as a source for the upwelling.
Cross Section 15 appears to mark the line within which the
current from Monterey Bay has turned near Point Ano Nuevo and joined the
southerly flow toward the Bay. Here beam transmittance and particulate
isopleths show no indication of distinct water masses meeting at Point
Ano Nuevo, since they form continuous isopleths across the entire cross
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section. Beam transmittance increases from una up celling area to
the center of the Monterey Canyon. The isotherm pattern again shows
a distinct rise in the upveliing region.
The beam transmittance isopleths in Cross Section 16
suggest that the flow off Point Ano Nuevo xs now entirely to the south
with a continuous isopleth structure. The j.=otnerm structure for the
upwelling area is well represented since the cross section extends to
0-2, which is on the northern boundary of the upwelling region.
Cross Section 12 (p 125 i and Cross Section 13 (p 128 )
enable one to trace the water mass from the center of the San Francisco
Bay station line (Cross Section 10) to the stations farthermost off Point
Ano Nuevo. Cross Section 12 shows turbid water extending from the mouth
of the Bay to between Pigeon Point and Point Ano Nuevo at a distance of
9 nmi from the coastline. This band of water extends to a depth of 15 m
until west of Pigeon Point, where it begins to rise toward the surface.
Another turbid water mass is found 10 to 20 m above the bottom contour.
The correlation of beam transmittance and particle count is good.
Cross Section 13 demonstrates essentially the same features
as in Cross Section 12, with the exception of a lovv transmittance anomoly
rtear the surface at Station J-10-
Cross Secior. 3 »p 116 j is lepresentativt of an area relatively
unaffected by coastal influences. The broad patterns of beam transmit-
tance and particle count are markedly di^ierent from those'seen in the
cross sections discussed so far.
In summary, parallel cross sections have also indicated the
possibility of a current fiowmc along the coast from Santa Cruz to Point
Ar.o Nuevo. This current probably turns near Point Ano Nuevo and joins
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the main southerly flow down the coast. Isotherms were consistent
with previous presentations of the argument that an upwelling area
exists to the west of Point Montara.
3. Comparisons With Past Data
No beam transmittance measurements or particulate counts are
available for the study area during the upwelling period. Therefore,
the only comparison with previous data that can be made is for tem-
perature. Comparison of the present data with CALCOFI data [Appendix
A, Fig. 19] cannot be made, because the latter do not show enough
detail in coastal waters.
Temperatures measured in the vicinity of the Kaiser stations
were all within 1°C of the May average as presented in the Kaiser
report [Appendix A, Fig. 16-18] . Airborne infrared radiation
thermometer measurements of surface temperature made by the Tiburon
Marine Laboratory on 2 May 1969 and 19 June 1969, provided the best
check on temperature contour interpretations as constructed from the
cruise data. While details are more obvious in the DE STEIGEUR cruise
plots, enough detail is shown in the Triburon data to establish cor-
relation. Absolute temperature values cannot be accurately compared
due to the operating characteristics the Barnes IT-2 infrared radiation
thermometer. It has a manufacturer's specified accuracy of 0.5°C, but
over several hours of operation may experience a calibration shift as
much as 4°C under extreme conditions.
On 2 May [Appendix A, Fig. 24] , the 11.1°C isotherm northwest
of Point Montara indicates a body of water warmer than that west of
the Point shown by the 10.6° isotherm. A general warming, from the
11.1°C isotherm southwest of Santa Cruz to the 12.8°C isotherm to the
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east, is shewn. Both of these features are shown in the cruise
contours. The contours for 19 June [Appendix A, Fig. 25] show the
general wanning of the entire area to be expected during this period.
C. CORRELATION OF TEMPERATURE AND BEAM TRANSMITTANCE
The vertical section overlays of beam transmittance and temper-
ature in general show a good correlation; a noticeable exception is
for the near shore areas, or within the range of strong coastal effects
as the mouth of San Francisco Bay, littoral material, or possibly
sewage effluent.
Cross Section 8 (p 106) west of Point Montara illustrates the effects
of upwelling in addition to the coastal effects mentioned above. Beam
transmittance follows a 1°C/10 m temperature gradient at a depth of 15
to 25 m fairly closely from N-3 to N-9 where upwelling occurs. Near
the coastline (N-l to N-5) where the flow from San Francisco Bay and
the sewage outfalls should exert their greatest influence on the water,
there is no correlation. In the upwelling area, between N-9 and N-ll,
low transmissivity isopleths cross below the thermocline about which
they had previously been centered.
Cross Section 4 (p 97 ) southwest of Santa Cruz provides another
illustration of non-correlation in near shore waters. A temperature
gradient of l°C/8 m exists from the coast out to H-5, beyond which it
weakens considerably with increasing distance from the shore. Between
H-7 and the coast transmissivity isopleths cross the thermocline from
the surface and proceed to follow the bottom contour. From beyond this
point to H-5, the isopleths remain on, or within, the top of the
thermocline. Beyond H-5, the beam transmittance becomes high and
spreads with the thermocline.
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D. CORRELATION OF TEMPERATURE AND PARTICLE COUNTS
A fair correlation of temperature and particle counts could be
made in other than near shore waters.
In general temperature gradients of greater than 1°C/10 m appear
to contain particulate maxima. In near shore waters the temperature
gradients had no effect on the particulate distribution. Cross
Section 8 (p 106 ) west of Point Montara illustrates this case. Here
a gradient of l°C/8 m to 1°C/12 m contains a major part of the parti-
culate structure/ except in the upwelling area and very near the coast-
line, where isopleths of particle count cross isotherms freely.
E.
,
CORRELATION OF BEAM TRANSMITTANCE AND PARTICLE COUNTS
Correlations of beam transmittance and particle counts, based on
vertical station profiles in Appendix C, generally appear to be
reasonable. Correlations for individual stations ranged from poor to
excellent. Figure 8 shows the stations evaluated as to their quality
of correlation. "Excellent correlation" is defined as no anomalies
appearing in the inverse relationship existing between these quantities
.
That is, when particulate count increased, beam transmittance decreased
and vice versa. "Good correlation" means one reading at a particular
depth did not appear to correlate. "Fair" means two anomalies were
present and while "poor" indicates three or more. It should be noted
that five of the nine stations designated as having poor correlation
are to be found in the J and L station lines west of Point Ano Nuevo.
Scatter plots of percentage beam transmittance versus total particle
count in thousands were made for these catagories [Figs. 9-12] . Beam
transmittance values vary from zero to 85 percent. The scatter in Figs.



































x- * * > * * *
c















300 • *X X * „ XX* " *










50 » 1 | 1
20 40 60 80



















































20 40 60 80






























* X X *V *





» * XX *










20 40 60 80





























20 40 60 80




11 and 12, cannot be attributed to any particular location within
the study area. There is an absence of the combination of low trans-
missivity and low particle count, indicating the possible absence
of "yellow substance".
Cross Section 4 (p 97 ) southwest of Santa Cruz is an example of
nearly perfect correlation. The isopleths of beam transmittance
closely follow the particulate maxima as they extend seaward and
along the bottom. The high particle count at H-2 occurs with a
corresponding low transmissivity.
The potential of the bottom sampler is clearly illustrated in
Cross Section 10 (p 112) across Monterey Bay. Particulate count is
the highest of anywhere within the cross section.
The possibility of "yellow substance" being present in the study
area is not completely discounted. Cross Sections 7 (p 103) and
8 (p 106) , which are west of Pigeon Point and Point Montara, respec-
tively, illustrate that while the particulate structure has the same
general shape as the transmissivity structure, there are many cases
of isopleths crossing. Thus for the same particulate counts, high
and low transmissivity exists. Since these cross sections are near
areas of sewage outfalls, the presence of "yellow substance" would
seem more probable than otherwise.
A comparison was made between the relative size distribution histo-
gram for a mixture of 6 to 14 p latex spheres [Fig. 13] and the individual
relative-size distribution histograms for the sea water samples. From
Fig. 13 it is seen that the threshold settings corresponding to the mean
diameter and one standard deviation to the right of the mean diameter












Relative Coulter Pulse Levels for 6-14 y Latex Spheres
Figure 13
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and standard deviation of 2.37 y was measured for the latex spheres by
Dow Chemical Company, Midland, Michigan. Assuming that the pulse height
is essentially proportional to particle volume, use of the known mean
diameter, the mean measured during calibration of the Coulter Counter, and
the pulse height of the mean, a calibration curve can be constructed
to indicate that the particulates corresponding to approximately 95
percent of the total counts are less than 12 y in diameter, while
approximately 60 percent are less than 8.8 y. Dr. Isabella Abbott of
Hopkins Marine Station, Stanford University, Pacific Grove, California,
-
examined 20 representative samples from throughout the area and from
various depths, and observed that the particulates were all at least
less than 10 y. Yeske and Waer [21] stated they had found 68 percent
of their total counts to be less than 10 y, while approximately 96
percent were less than 13 y. These figures are not correct in that
they assumed a linear relationship between pulse height and particle
diameter, instead of a volumetric relationship. Correcting their
figures, the results should read that 68 percent were less than 7.6 y,
while 96 percent were less than 8.5 y.
Profiles of particulate size distribution histograms for represent-
ative stations are shown in Appendix D. They illustrate in general that
particulate sizes decreased with depth and that as the bottom was ap-
proached, particulate content increased.
F. CORRELATION OF BFAM TRANSMTTTANCE AND SOUND VELOCITY
A scatter plot of beam transmittance versus sound velocity is shown
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The complexity of the optical properties of coastal waters in
general is known, and the area between San Francisco and Monterey
Bays is no exception. The optical characteristics of these waters
are normally affected by the flow from San Francisco Bay, littoral
material, possibly sewage outfalls, and upwelling in addition to the
California Current.
Water of low transmissivity and high particle count extended
over a greater volume in the region north and west of Point Montara
j
than to the south of this area where the volume decreased as it
approached Monterey Bay. This pattern is complicated by an eddy
system located between Point Ano Nuevo and Santa Cruz. The depth
of this system may be as great as 20 meters. The cause of the eddy
could be a counterclockwise flow around the perimeter of Monterey Bay
which flows out of the Bay and along the coast to Point Ano Neuvo.
At this point it turns and joins the southerly flowing California
Current. This eddy may extend to as far as 5 nautical miles from the
coast.
The majority of particulate maxima were found to be associated with
temperature gradients of the order of 0.1°C/m, except in near shore areas
and in upwelling water. Particulate distribution in waters near the
coast were dominated by influences which could have possibly been tidal
flow, sewage effluent, and littoral material. A fairly good correlation
between beam transmittance and temperature was observed except in near
shore areas.
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Beam transmittance and particulate matter correlated rather well
for many stations. For nine of the 87 stations, however, there was
no evident correlation. In general a roughly linear relationship
between beam transmittance and log particulate count was found. Approxi-
mately 60 percent of the particles observed were less than 8.8 y in
diameter, while approximately 90 percent were less than 12 y. Par-
ticulate size was found to decrease generally with depth. Near the
bottom an increase in the number of particles per unit volume was
observed
.
The proposal, based on the Kaiser report, of the San Francisco
Bay-Delta Water Quality Control Board to establish major oceanic
sewage outfalls, capable of a flow of 662 million gallons per day by
1990, should be reconsidered only after further, more extensive,
studies of the present type are conducted. The optical characteristics
vary considerably from the few measurements made at the Kaiser stations
during two days in September.
59
VI. SUGGESTION FOR FURTHER RESEARCH
The continuation of detailed surveys of the coastal waters
between San Francisco and Monterey Bays, throughout all the seasons
of the California Current System, is strongly recommended.
Stations within Monterey Bay should be occupied to determine the
actual influence of northern waters within the Bay.
To better correlate the optical properties of this region, dis-
solved oxygen, phosphate, and nitrogen measurements, together with
biological samples should be taken.
The use of an electrically triggered, multiple bottle water
sampler could be used to collect particulate samples. This would
allow samples to be obtained when beam transmittance readings of
special interest occur. It would also ensure that samples are from
nearly the same depth and at the same time as the beam transmittance
measurements
.
The study of the near bottom particulate profile in the Monterey
Bay region still remains to be made, but the bottom water assembly
mentioned appears promising. The assembly should be lengthened to
gain a longer and better profile.
Current meters, drift bottles, or even drift cards could be used
to advantage during additional surveys. Current measurements at various
depths are definitely needed between Point Ano Nuevo and Santa Cruz.
Airborne radiation thermometer flights from the Naval Air Facility,
Monterey, California, should be utilized during future cruises to survey
not only the waters being covered by the ship but adjacent areas as well.
60
The beam transmittance meter should be adapted with a filter
assembly which would permit in situ filter changes. This would
facilitate determination of the possible presence of "yellow substance"
in the coastal waters studied.
61
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HORIZONTAL CONTOUR CHARTS OF BEAM TRANSMITTANCE , TEMPERATURE
AND COULTER COUNT AT 0, 10, 20, 40, AND 61 M



















































































































































VERTICAL CROSS SECTION CONTOUR CHARTS OF BEAM TRANSMITTANCE-
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The first cast was made at D-l with the S/T/D and c-meter in
tandem. The SV/T/D was inoperative at this time and remained so
until D-6 (1) . On this cast problems developed with the c-meter
cable and air balance could not be achieved ,and repairs were begun.
At D-6(l) the bottom water sampler "hung up "on the Monterey Canyon
wall, and the hydrographic wire parted. Subsequent stations now
consisted of only two casts. At D-6 (2) ; the first cast consisted
of the SV/T/D and c-meter
.
until D-8 ,when the SV/T/D , S/T/D and
c-meter were utilized on the same cast. This operation proved very
cumbersome and provided a potential source of equipment damage while
initiating and retrieving the cast, and was abandoned. Subsequent
first casts utilized the SV/T/D and the c-meter in tandem. At K-l,
upon initiation of the water sample cast, problems developed with
the 3/16" wire. Since time was a major factor, water samples were
not taken at K-l, K-2, and LE, and repairs made while proceeding
to L-l. From L-l until N-7, the SV/T/D and the SA/D were alternated
as the instrument on the first cast with the c-meter due to battery
charging requirements. A strip chart recorder for beam transmittance
readings was installed at L-4 and was used for the remainder of the
cruise. Upon retrieving the S/T/D at N-7, it was found to be flooded.
The instrument was disassembled, cleaned, and dried according to the
instruction manual. N-13 provided the last instrument casualty when
the cable of the c-meter parted at the connectors, necessitating a
159
cable splice. It was returned to service at 0-1, and no problems
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TABLE 2
RAMSEY PROBE DEPTH, TIME, SOUND VELOCITY, AND TEMPERATURE
DOWN UP
DEPTH TIME S/V TEMP DEPTH TIME S/V TEMP
(M) (PDT) (M/SEC) (°C) (U) (PDT) (M/SEG) (°C)
.STATION D-6 (1)
0044 1495, 11.43
1 0028 1495.2 11.41 1 0044 1495.2 11.42
2 0028 1495.2 11.42
3 0028 1495.2 11.40 3 0037 1495.2 11.39
4 0028 1495.4 11.42
8 0029 1495.4 11.45 8 0037 1495. 11.37
10 0029 1495.9 11.42 10 0037 1495.2 11.31
13 0030 1494.9 11.26
16 0030 1492.9 10.71 16 0036 1492. 10.54
21 0030 1491.9 10.26
22 0030 1491.9 10.22 22 0036 1491.6 10.17
28 0031 1489.9 9.68 28 0036 1489.4 9.61
32 0031 1489.2 9.59 32 0036 1489.9 9.48
36 0032 1489.9 9.47
42 0032 1469.9 9.43
STATION D-6 (2)
0032 1495.4 11.47 0359 1495. 11.45
2 0333 1495.4 11.47 2 0356 1495.2 11.39
3 0333 1495.4 11.45 3 0355 1495.2 11.39
6 0333 1495.4 11.42
8 0333 1495. 11.41 8 0353 1495.2 11.38
10 0333 1495.2 11.39 10 0353 1495.9 11.29
11 0334 1495.9 11.31
12 0334 1495.8 11.31
13 0334 1495.9 11.35 13 0353 1494. 11.11
16 0334 1494. 11.26 16 0353 1493.8 10.86
17 0334 1494.8 11.08
19 0334 1492.8 10.84 19 0353 1493. 10.72
22 0335 1492.9 10.39 22 0352 1492.2 10.42
23 0336 1492.8 10.38 23 0351 1492.9 10.42
26 0336 1492.8 10.38 26 0350 1492.8 10.33
30 0336 1491.8 10.35
31 0336 1490.4 9.88 31 0349 1489.8 9.69
32 0337 1490.4 9.88
34 0337 1490.2 9.82
37 0337 1489.6 9.68 37 0349 1489.2 9.52
39 0337 1489.4 9.59 39 0348 1489.2 9.50
u 0337 1489.4 9.54
42 0338 1489.4 9.54 42 0348 1489.2 9.50
45 0338 1489. 9.51 45 0348 1489.9 9.44
47 0338 1489.2 9.47




DSITH TIME s/v TEMP DEPTH TIME S/V TEMP
(M) (PDT) (M/SEC) (°C) (M) (PDT) (M/SEC) (°C)
50 0339 1489.9 9.38 50 0347 1489.2 9.42
51 0339 1489.9 9.38
52 0339 1489.9 9.37 52 0347 1489.2 9.41
53 0339 1489.9 9.36 53 0347 1489.9 9.39
55 0339 1489.8 9.34 55 0346 1489.9 9.38
57 0339 1489.8 9.33
60 0340 1488.8 9.27
61 0340 1488.8 9.26
64 0340 1488. 9.24 64 0345 1488.8 9.27
70 0341 1488. 9.20 70 0344 1488.8 9.20
71 0341 1488.9 9.11 71 0344 1488. 9.18
75 0342 1488.2 9.04 75 0343 1488.2 9.02
77 0342 1488.2 9.02
STATION D-7
0514 1493.9 11.05
1 0514 1493.9 11.05 1 0530 1492.2 11.60
3 0514 1494.8 11.05
4 0514 1494.8 11.05
5 0515 1494.8 11.06
9 0515 1494.9 11.04 9 0529 1494.9 11.07
13 0516 1494.9 11.03
14 0516 1494.9 11.03 14 0529 1494.9 11.02
18 0516 1493.9 11.01
22 0516 1493. 10.86
23 0516 1493.8 10.69 23 0527 1491.9 10.28
24 0517 1493.8 10.68
25 0517 1492.8 10.63
28 0517 1491.9 10.14 28 0526 1491.4 10.16
31 0517 1490.9 10.08 31 0526 1490. 9.82
33 0517 1490.6 9.89
35 0518 1490.9 9.83
40 0518 1489.8 9.70 40 0526 1489.9 9.59
44 0518 1489.9 9.57 44 0525 1489.9 9.51
45 0519 1489.9 9.55
48 0519 1489. 9.52 48 0524 1489.8 9.41
52 0519 1488. 9.40 52 0524 1488.8 9.25
53 0519 1488.6 9.25
55 0520 1488.6 9.24 55 0524 1488.6 9.22
63 0520 1488.9 9.16 63 0523 1488.9 9.16
65 0521 1488.9 9.16 65 0523 1488.6 9.17
69 0521 1488.9 9.13 69 0522 1488.9 9.15
70 0521 1488.9 9.13
73 0522 1488.4 9.10 73 0522 1488.9 9.11




DEITH TIME S/V TEMP DEPTH TIME S/V TEMP
(%)(M) (PDT) (M/SEC) (°c) (M) (PDT) (M/SEC)
STATION D-8
0647 1494.2 11.13
1 0647 1494.9 11.13 1 0703 1494.8 11.07
3 0648 1494.9 11.10 3 0703 1494.8 11.07
7 O648 1494.9 11.08 7 0702 1494.9 11.06
11 0648 1494.9 11.08
12 0648 1494.8 10.96 12 0702 1493.9 10.92
14 0649 1493.9 10.93
17 0649 1492.9 10.72 17 0702 1492.6 10.59
21 0649 1491.2 10.46 21 0701 1491. 10.21
23 0649 1490.6 10.01 23 0701 1491.9 10.06
25 0650 1490.6 10.00 25 0701 1490. 9.98
29 0650 1490. 9.90 29 0700 1490.2 9.80
32 0650 1490.8 9.73
34 0650 1489.9 9.71
36 0650 1489.6 9.64
42 0651 1489.9 9.42 42 O658 1489.6 9.51
43 0651 1489.8 9.40
46 0651 1488.6 9.38
49 0651 1488.9 9.23 49 O658 1488.9 9.25
53 0652 1488.4 9.18 53 0657 1488.9 9.19
56 0652 1488.4 9.15 56 0657 1488.4 9.15
60 0652 1488.4 9.13 60 O656 1488. 9.12
63 0653 1488.2 9.10 63 0655 1488. 9.11
65 0653 1488.9 9.08 65 0655 1488.2 9.09
69 0653 1488.9 9.05
72 0653 1488.8 8.98 72 0654 1487.9 8.97































16 2242 1493.9 10.88
10 2254 1493.8 10.99
22 2243 1493.4 10.78









30 2252 1492. 10.59
46 2245 1491.4 10.11
u 2252 1492. 10.52
56 2246 1490.9 9.90


























12 0248 1493. 10.89
30 0232 1493.8 10.70
25 0246 1493.8 10.74
42 0233 1492.9 10.49
37 0244 1493.8 10.66
54 0234 1492.6 10.47
48 0242 1492.9 10.46
66 0235 1491.9 9.94










71 0239 1489.9 9.49
3 0506 1495.2 11.49
16 0507 1494.2 11.12
12 0519 1494.2 11.12
28 0508 1492.9 10.58
24 0518 1493. 10.76







DEPTH TIME S/V TEMP

















































































































15 O658 1493. 11.01
25 0657 1493.2 10.84
35 O656 1492.9 10.57
45 0656 1490.9 9.91
56 0655 1490. 9.79




























52 0830 1489.6 9.57




DEJTH TIME s/v TEMP DEITH TIME S/V TEMP
(M) (PDT) (R/SEC) (°c) (M) (PDT) (M/SEC) (°C)
?9 0834 1488. 9.27
63 0831 1488.6 9.23
69 0833 1488.9 9.19
75 0832 1488. 9.17
81 0832 1488.2 9.03
STATION H-3
1 1038 1495. 11.46
2 1038 1495. 11.48
4 1039 1495.8 11.38
5 1039 1495.9 11.38
6 1040 1494.9 11.34
11 1041 1493.8 11.00
16 1042 1492.9 10.70
22 1043 1492.2 10.46
28 1044 1490. 10.00
29 1044 1490. 9.98
34 1045 1490.9 9.80
44 1046 1488. 9.34
55 1047 1488.9 9.11
66 1047 1487.2 8.83
76 1048 1486.8 8.64
STATION H-4
1145 1495.9 11.59
3 1146 1494.2 11.22
6 1147 1494.9 11.36
8 1206 1495.6 11.53
10 1148 1493.8 10.76
14 1205 1493.4 10.81
17 1149 1492. 10.49
18 1149 1492.2 10.49
23 1150 1492.2 10.44
25 1204 1492.9 10.49
30 1152 1490.8 10.06
34 1153 1489.4 9.60
35 1202 1489.9 9.71
u 1202 1488.9 9.44
45 1154 1488.8 9.17
51 1155 1486.9 8.83
56 1156 1486.8 8.72
57 1200 1486.8 8.74
62 1156 1486.9 8.61
67 1157 1486.9 8.52



















80 1158 1485.9 8.36
79 1158 1485.9 8.37
STATION H-5
2 1423 1486.8 11.95
5 1424 1484.9 11.67
7 1425 1484.9 11.43
8 1452 1484.9 11.37
12 1426 1483.8 11.24 12 1449 1483. 11.09
13 1426 1483.9 11.25 13 1449 1483. 11.05
15 1427 1483.4 11.11
18 • 1428 1482.9 10.96 18 1448 1479.8 10.04
25 1430 1479.8 10.06 25 1448 1479.8 9.79
30 1432 1478.9 9.73
36 1433 1477. 9.36 36 1447 1476.8 9.09
47 1434 1476.2 8.88 47 1446 1475.9 8.68
53 1437 1475.6 8.67 53 1445 1475.6 8.70
57 1438 1475. 8.69
65 1440 1476.8 8.75 65 1444 1476.2 8.77
71 1441 1476.2 8.75
77 1443 1476.2 8.73
STATION H-6
1603 I486. 12.14 1625 1487.2 12.30
8 1606 1485.8 11.86
10 1624 1483.8 11.19
13 1607 1483.4 11.17
16 1621 1482. 10.50
19 1608 1482.4 10.83
25 1608 1479.8 9.80
31 1610 1478.8 9.48
36 1619 1477.2 9.01
38 1611 1476.8 9.10
44 1611 1476.6 9.00
50 1612 1476. 8.98
57 1612 1476.8 8.98
62 1613 1476.8 8.96









(M/SEC) m DEITH(M) TIME(PDT) S/V(M/SEC) TEMP(°C)
STATION H-7
5 1750 1485.8 11.63
8 1751 1484.8 11.54
9 1805 1484.9 11.47
H 1751 1483.8 11.23
15 1804 1483.6 11.12
20 1753 1482.9 10.73 20 1803 1481.2 10.40
23 1753 1481. 10.46
25 1755 1480.9 10.13
29 1755 1478.9 9.72
32 1756 1478.2 9.56 32 1801 1478.4 9.58
38 1757 1478.9 9.47
U 1758 1477.9 9.37
49 1759 1477.8 9.34
STATION H-8
5 185-4 I486. 12.02
7 1854 1486.9 11.91
11 1903 1484.9 11.37
13 1856 1483.9 11.24 13 1903 1484.8 11.26
19 1857 1481.6 10,55
24 1858 1479.6 9.95 24 1902 1479.9 9.91
28 1859 1479.9 9.82
29 1902 1479.9 9.76
30 1900 1479.9 9.79
36 1901 1479.8 9.73
STATION 1-1
1 2022 1487.2 12.28
2 2023 1487.9 12.39
5 2024 1487.8 12.23
7 2025 1483.2 11.12
10 2034 1482. 10.90
13 2025 1481.9 10.69
15 2033 1481.9 10.64
18 2027 1480.9 10.38
23 2028 1479.9 9.80
29 2028 1479.8 9.75




DEITH TIME s/v TEMP DEPTH TIME S/V TEMP
(M) (PDT) (H/SEC) (°C) (M) (PDT) (m/sec) (°C)
STATION 1-2
1 2115 1484.4 11.48
5 2117 1483.6 11.30
7 2118 1482.8 10.78
10 2119 1481.2 10.52
12 2120 1481.2 10.48
15 2121 1481.8 10.39
18 2122 1480.6 10.28
21 2123 1480.8 10.28
25 2124 1480.9 10.34
28 2124 1480.2 10.08
30 2125 1479. 9.97
STATION J-l
2218 1484.9 11.31
4 2222 1481.9 10.30
13 2224 1479.8 9.85
19 2225 1478.4 9.65
25 2226 1478.8 9.51
28 2226 1478.8 9.49
STATION J-2
2343 1482.6 10.94
3 2331 1482.6 10.94
6 2333 1482.6 10.94
12 2333 1482.6 10.91
17 2342 1480.8 10.36
20 2340 1480.9 10.24
23 2334 1481.2 10.47
25 2339 1478.9 9.68
29 2338 1478.9 9.65
33 2335 1478.8 9.48
39 2338 1477. .9.35
44 2336 1477.4 9.23
STATION J-3
0050 1484. 11.54
6 0052 1483.8 11.29
12 0053 1482.9 10.95
13 0108 1482.2 10.76
18 0054 1482.9 10.75




DE1TH TIME S/V TEMP DEPTH TIME S/V TEMP
(M) (PPT) (M/SEC) (°C) (M) (PPT) (M/SEC) ( C)
22 0054 1480.9 10.40
28 0055 1480.8 10.10
33 0056 1479.8 9.80
38 0058 1477.9 9.43
45 0059 1477.2 9.21
49 0059 1477.8 9.10
55 0100 1476. 9.01
61 0101 1476.8 9.00
67 0103 1476.8 9.00
STATION J-4
0206 1484.8 11.61
5 0207 1483.8 11.27
11 0208 1481.8 10.67
17 0211 1479.6 10.02
28 0213 1477. 9.47
38 0214 1477.9 9.22
50 0216 1476.9 8.86
60 0217 1476.4 8.89
65 0218 1476.4 8.86
72 0220 1476.9 8.86
STATION J-5
0316 1482.6 10.99
2 0317 1481.6 10.58
5 0319 1481. 10.68
11 0320 1481.9 10.50
16 0321 1479.2 9.90
21 0322 1478.6 9.73
27 0323 1477.2 9.33
33 0324 1476.9 9.19
38 0325 1476.9 9.14
44 0326 1476.6 9.06
49 0327 1476. 8.95
54 0329 1476.9 8.84
60 0329 1475.9 8.76
67 0330 1476.9 8.77
72 0331 1476.8 8.74




DE1TH TIME s/v TEMP DEPTH TIME s/v TEMP
(M) (PDT) (M/SEC) (°c) (10 (PDT) (m/sec) (°c)
STATION J-6
7 0449 1483.8 11.28
8 0510 1483.6 11.23
11 0450 1483.4 11.13
14 0509 1483. 11.10
18 0453 1482.4 10.87 18 0508 1482.4 10.79
23 0454 1481.4 10.53
28 0455 1480.9 10.16
30 0506 1479.2 9.85
33 0456 1479.2 9.84
40 0457 1477.9 9.46
44 0457 1477. 9.34
50 0458 1477. 9.21
55 0459 1477.8 9.10 55 0502 1477.8 9.07
60 0500 1476.9 8.94
65 0500 1476.2 8.83
71 0501 1475.9 8.73
78 0502 1476.8 8.69
bTATIOW J-7
6 0641 1482.4 10.94
7 0652 1481.2 10.56
12 0641 1482.2 10.83 12 0651 1480.2 10.23
15 0650 1479.2 9.90
18 0642 1479.9 10.04
22 0649 1477.9 9.36
23 0642 1478.2 9.65
30 0643 1477.2 9.27
33 0648 1476.4 9.04
36 0644 1476.6 9.12
42 0644 1476.4 9.00
48 0645 1476.9 8.97
53 0645 1476.2 8.87
60 0645 1476.2 8.84
65 0646 1476.2 8.84
70 0646 1476.9 8.88
77 0647 1476.9 8.87
STATION J-8
0808 1484.4 11.45
3 0809 1484.8 11.37
5 0810 1483.8 11.31




DE1TH TIME s/v TEMP DEPTH TIKE s/v TEMP
(M) (PDT) (M/SEC) (°G) (M) (PDT) (m/sec) (°C)
17 0813 1481.8 10.64
22 0813 1481.2 10.46
28 0814 1478.4 9.61
34 0814 1478.8 9.49
50 0816 1476.8 8.84
61 0818 1475.6 8.64
73 0819 1475.6 8.60
STATION j-<?
0916 1485.9 11.63
5 0919 1484.9 11.42
10 0919 1481.7 10.68
16 0921 1481.6 10.57
20 0921 1480.8 10.34
24 0922 1480.2 10.14
27 0922 1478.6 9.70
33 0923 1478.8 9.47
U 0924 1477.9 9.15
55 0925 1476.8 9.01
66 0925 1476.9 8.76
71 0926 1475.9 8.67
STATION J-10
1045 1483. 11.16
3 1046 1483.6 11.23
5 1047 1482.2 10.83
9 1048 1480.8 10.42 9 1058 1480.8 10.43
12 1048 1480.8 10.39
15 1057 1480.8 10.37
18 1048 1480.6 10.29
24 1049 1480.9 10.23
27 1056 1480. 10.24
30 1049 1480. 10.25
37 1050 1480.2 10.08
43 1050 1479.2 9.81
49 1051 1478.9 9.66
50 1055 1477.8 9.32
55 1051 1477. 9.26 55 1055 1477.9 9.18
60 1052 1477.4 9.16
68 1053 1477.2 9.09




DEPTH TIME s/v TEMP DEPTH TIME S/V TEMP




.4 1508 1486.5 s
14 1508 1486.2
22 1509 1485.9 H










2 1730 1486.4 M
4 1704 1486.5 M o
6 1706 1486.7 o
D
11 1707 1486.6 *d 11 1729 1486.6 S
13 1708 H86.6 5> »-9M
H 15 1729 1486.5 3
19 1708 1481.3 i)
20 1729 1486.5
22 1713 1486.3 22 1729 1486.5
25 1713 1485.0









18a 1485.7 M 1857 1485.7 M
2 1841 1485.7 5So o
5 1844 1485.7 s »TJ
10 1844 1485.7 £ S>
12 1845 1485.7 M
•-3
M
16 1847 1485.4 £ 3







DEITH TIKE S/V T El-IP DEPTH TIME S/V TEMP
(M) (PPT) (M/SEG) (°C) (M) (PPT) CM/SEC) (°C)
40 1850 1480.0 o
46 1851 H79.8 |
52 1851 U79.8 g
58 1852 1479.7 g
64 1853 1479.8 §
STATION L-8
1937 1484.8


















1 2038 1484.1 o
5 2040 1484.1 |
8 2041 1483.9 g
9 2041 1483.8 h












DEITH TIME S/V TEMP DEPTH TIME S/V TEMP
(M) (PPT) (M/SEG) (°C) (M) (PPT) (M/SEC) (°C)
STATION M-l
2200 1486.4 11.16
4 2201 1486.4 11.15
5 2201 1486.5 11.17
8 2202 1486.3 11.07
9 2202 1486.3 11.09
12 2203 1483.0 10.03 •
13 2203 1483.2 10.19
17 2204 1482.3 9.94
20 2204 1482.3 9.88
21 2204 1482.2 9.87
2$ 220$ 1482.2 9.84
28 2205 1482.2 9.82
STATION M-2
1 2313 1488.3 11.70
5 2314 1488.3 11.71
9 2315 1487.6 11.50
13 2316 1485.2 10.77
14 2316 1485.3 10.83
17 2317 1482.3 9.97
21 2318 1481.9 9.97
25 2319 1481.6 9.65
28 2320 1481.3 9.57
31 2320 1481.3 9.56
36 2321 1481.3 9.55
40 2321 1481.3 9.52
STATION M-3
0033 1487.6 11.51
4 0034 1487.5 11.48
5 0034 1487.5 11.49
9 0035 1487.3 11.41
13 0036 1483.4 10.28
17 0037 1482.5 9.98
21 0038 1481.9 9.80
25 0039 1481.0 9.53
28 0040 1480.7 9.37
29 0040 1480.7 9.41
32 0040 1480.4 9.29
37 0042 1480.4 9.29
39 0042 1480.5 9.28














5 0227 1486.0 11.76
8 0228 1485.6 10.99
10 0229 1485.3 10.84
15 0231 1483.6 10.30
18 0232 1482.7 10.00
23 0233 1481.3 9.62
28 0235 1480.3 9.32
33 0236 1479.9 9.18
35 0236 1480.0 9.18
STATION N-8
1133 1487.7 12.30
8 1135 1486.8 11.57
15 1135 1482.8 10.13
28 1136 1479.3 9.05
43 1137 1477.9 8.47
68 1139 1477.9 8.34




































DEITH TIME s/v TEMP DEPTH TIME S/V TEMP
(M) (POT) (M/SEC) (°c) (M) (POT) (M/SEC) (°C)
STATION N-10
1428 1486.8 10.66
7 1429 1483.6 9.42
15 1431 1482.1 8.92
30 1432 1480.9 8.48
a 1434 1480.1 8.21
54 1435 1479.1 7.84
65 1436 1478.5 7.56
75 1437 1477.8 7.37
91 1507 1477.3 7.13
98 1508 1477.3 7.12
STATION N-ll
1639 1483.0 11.42 1659 1483.0 11.42
3 1659 1483.1 11.41
6 1659 1483.1 11.41
10 1658 1483.1 11.35
11 1658 1483.0 11.28
12 1658 1482.8 11.17
13 1658 1482.0 10.61
15 1658 1478.5 9.47
16 1640 1476.8 9.60 16 1658 1476.8 9.31
20 1657 1476.3 9.18
25 1657 1475.8 9.04
27 1657 1475.7 8.99
30 1657 1475.4 8.90
34 I656 1475.2 8.84
37 I656 1475.4 8.84
40 1656 1475.3 8.75
45 1655 1475.1 8.71
48 1655 1474.8 8.59
50 1655 1474.5 8.52
56 1655 1474.5 8.49
61 1654 1474.3 8.39
65 1654 1474.0 8.30
70 1653 1474.0 8.28
76 1653 1474.1 8.27
83 1645 H74.2 8.27 83 1652 1474.1 8.25
91 1651 1474.2 8.23
100 1651 1474.3 8.22
107 1650 1474.4 8.21




DEITH TIME S/V TEMP DEPTH TIME S/V TEMP
(M) (PPT) (M/SEC) (Or.) (M) (PPT) (M/SEC) (oc)
STATION N-12
1802 1481.8 10.93
2 1803 1481.9 10.94
4 1804 1481.9 10.95
8 1804 1481.6 10.91
10 1804 1479.9 10.70
12 1804 1477.6 10.12
14 1804 1476.7 9.50
16 1804 1476.4 9.34
22 1804 1476.3 9.21
25 1805 1476.3 9.26
31 1805 1476.2 9.23
36 1805 1475.9 9.15
40 1805 1476.2 9.11
47 1806 1475.7 8.98
53 1806 1475.9 8.97
61 1806 1475.7 8.92
65 1807 1476.0 8.92
70 1807 1475.8 8.88
75 1807 1475.7 8.78
80 1808 1475.7 8.77
85 1808 1475.2 8.71
90 1808 1475.1 8.54
95 1810 1474.9 8.50
98 1810 1474.8 8.43
STATION N-13
1934 1482.3 11.05 1945 1482.1 11.03
3 1935 1482.1 11.03
4 1945 1482.0 10.96
12 1935 1481.8 11.01
16 1935 1480.4 10.53
24 1936 1476.8 9.54
17 1944 1480.7 10.24
27 1944 1471.8 9.36
32 1936 1476.7 9.40
38 1936 1476.9 9.38 38 1944 1476.6 9.28
46 1937 1476.7 9.31
52 1937 1476.9 9.32
65 1938 1477.0 9.23
72 1938 1476.8 9.16
84 1939 1476.7 9.10
48 1943 1476.9 9.29
67 1943 1476.8 9.21










DEPTH TIME S/V TEMP
(M) (PPT) (M/SEC) (°C)
89 1939 1476.4 8.95
93 1942 1476.3 8.87
96 1940 1476.1 8.86
102 1941 1475.6 8.67
STATION N-14
2146 1484.8 12.01
6 2147 1484.2 11.96
13 2147 1481.2 11.03
20 2147 1480.3 10.79
26 2147 1479.6 10.35
33 2147 1478.5 10.29
40 2147 1478.3 9.87
46 2147 1478.1 9.82
52 2147 1478.0 9.66
59 2147 1477.5 9.56
65 2147 1477.3 9.39
72 2148 1477.0 9.28
79 2148 1477.2 9.24
85 2148 1476.8 9.18
105 2148 1476.7 8.95
201 2149 1475.9 8.53
303 2149 1474.5 7.05
STATION 0-1
0142 1481.4 11.00
8 0144 1481.5 10.97
14 0145 1481.6 10.97
22 0146 1481.3 10.84
29 0147 1478.0 9.88
36 0148 1477.5 9.64
49 0150 1477.1 9.36
62 0151 1476.1 9.02
81 0152 1476.9 9.13
93 0153 1476.2 8.89
95 0153 1476.1 8.88
107 0155 1476.1 8.80
119 0156 1476.4 8.79
121 0156 1476.4 8.79
132 0157 1475.9 8.59
STATION 0-2
1 0329 1482.9 11.44
9 0330 1483.2 11.45














23 0333 1479.7 10.27
30 0334 1477.8 9.70
45 0335 1476.2 9.13
60 0336 1476.0 8.99
73 0338 1475.5 8.76
89 0339 1475.4 8.64
105 0341 1475.0 8.46
119 0342 1474.8 8.34
133 0344 1474.5 8.20
147 0346 1474.7 8.16
171 0349 1474.8 8.10
STATION 0-3
0545 1482.5 11.30
7 0547 1478.0 9.84
15 0547 1476.0 9.25
22 0548 1475.8 9.10
31 0549 1475.2 8.91
38 0550 1475.0 8.79
45 0551 1474.7 8.72
52 0551 1474.6 8.61
59 0552 1474.2 8.43
STATION P-l
1 0742 1481.1 10.80
4 0743 1481.1 10.79
10 0743 1481.1 10.76
14 0744 1479.4 10.51
15 0744 1477.7 9.99
19 0744 1476.2 9.30
20 0744 1475.8 9.13
25 0745 1475.6 9.01
30 0745 1474.9 8.77
33 0746 1474.9 8.75
37 0746 1474.5 8.66
40 0747 1474.5 8.62
45 0747 1474.5 8.59
50 0748 1474.6 8.57
STATION P-2
0903 1481.1 10.97
1 0903 1481.1 10.99
12 0906 1476.3 9.29
21 0907 1474.8 8.81




DEJTH TIME s/v TEMP DEPTH TIME S/V TEMP




3 1214 1481.7 11.23
5 1214 1481.9 11.22
10 1217 1480.3 10.47
U 1219 1479.8 10.34
20 1220 1476.1 9.21
25 1221 1474.7 8.75
29 1222 1474.6 8.68
33 1223 1474.6 8.66
36 1224 1474.6 8.65
39 1224 1474.6 8.65
a 1225 1474.6 8.65
STATION R-2
1414 1482.2 11.80
4- 1416 1482.0 11.84
5 1416 1481.2 11.54
9 1416 1480.6 11.21
11 1416 1480.5 11.02
15 1417 1477.6 10.04
17 1417 1477.1 9.60
20 1417 1476.3 9.25
23 1417 1475.3 9.10
25 1417 1475.1 8.83
29 1417 1475.0 8.79
34 1418 1475.0 8.74
36 1418 1474.9 8.72
STATION R-3
2 1549 1482.5 11.95 2 1554 1482.5 11.99
5 1549 1481.4 11.57 5 1554 1482.1 11.77
9 1550 1479.9 10.96 9 1553 1478.5 9.85
10 1550 1478.8 10.37
14 1550 1477.8 9.77 14 1553 1477.9 9.67
17 1550 1476.2 9.36 17 1552 1476 9.30
20 1550 1475.1 8.93 20 1552 1475.3 8.93
25 1551 1474.5 8.69
27 1551 1474.4 8.65 27 1552 1474.3 8.64




DE1TH TIME s/v TEMP DEPTH TIME s/v TEMP
(M) (PDT) (H/SEC) (°C) (M) (PDT) (M/SEC) (OM
STATION Br-A
2246 1482.5 11.88
3 2247 1482.0 11.78
5 2247 1479.8 11.23 5 2252 1477.9 9.77
8 2247 1478.0 9.95
10 2247 1477.5 9.75 10 2252 1476.9 9.
a
15 2247 1475.1 9.00 15 2251 1474.9 8.84
19 2248 1474.6 8.75 19 2251 1474.6 8.71
23 2248 1474.5 8.69 23 2251 1474.5 8.68
28 2248 1474.7 8.69 28 2250 1474.7 8.70
30 2248 1474.8 8.70 30 2250 1474.7 8.70
35 2249 1474.8 8.70
STATION S-l
2349 1482.0 11.34
11 2352 1478.0 9.82
14 2352 H77.6 9.54
18 2352 1475.8 9.05
20 2352 1475.7 9.05
22 2352 1475.4 8.93
25 2353 1475.2 8.84
STATION S-2
0053 1483.4 12.20
5 0053 1482.3 11.51
9 0049 1480.2 10.47 9 0052 1481.9 11.06
10 0049 1479.8 10.29 10 0052 1481.2 10.44
13 0050 1478.9 10.00 13 0052 1479.8 10.17
15 0050 1478.6 9.90 15 0052 1479.0 9.93
17 0050 1477.1 9.55 17 0052 1478.5 9.73
22 0050 1475.9 9.09 22 0051 1475.9 9.05




STATION D-l STATION D-6(2) STATION D-7
DEITH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMIT'TANCE
(m) (*/*) (m) (%/m) (m) (%/m)
DOWN UP DOWN UP DOWN UP
2.4 0.0 0.6 2.4 25.2 2.4 59.5
"5.4 0.0 4.4 27.9 7.4 63.5
7.4 0.0 7.4 49.4 12.4 54.1
9.4 2.2 22.4 12.4 39.0 17.4 65.0
10.4 41.5 15.2 63.2 22.4 63.0
11.4 51.4 17.4 51.2 27.4 73.6
12.4 73.8 22.4 64.2 32.4 72.5
13.4 29.0 24.4 62.3 37.4 58.8
14.4 43.7 27.4 60.7 42.4 55.9
15.4 15.9 40.9 32.4 69.1 47.4 61.7
17.4 21.6 37.4 61.8 52.4 55.1
18.4 15.6 42.4 70.3 57.4 59.5





















STATION D-8 STATION D-9 STATION D-10
2.4 71.3 2.4 58.6 2.4 58.6
7.4 75.4 7.4 71.5 7.4 66.0
12.4 60.1 12.4 55.0 12.4 54.3
17.4 79.2 17.4 71.1 17.4 63.6
22.4 78.7 22.4 60.0 22.4 45.0
27.4 73.9 27.4 73.8 27.4 70.8
32.4 78.7 32.4 70.4 32.4 67.6
37.4 59.1 37.4 76.1 37.4 77.2
42.4 59.2 42.4 75.3 42.4 76.8
47.5 51.0 47.4 63.8 47.4 78.9
52.4 67.9 52.4 52.2 52.4 79.8
57.4 80.0 57.4 38.0 57.4 80.2
62.4 81.4 62.4 43.6 62.4 79.6
67.4 82.5 67.4 53.4 67.4 78.9
72.4 81.9 72.4 68.8 72.4 69.6
77.4 85.0 77.4 60.8 77.4 75.8
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TABLE 3
STATION D-ll STATION D-13 STATION D-14
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE
w (%/m) (m) (%/m) (m) (*/»)
DOWN UP DOWN UP DOWN UP
2.4 61.5 2.4 6CT 2.4 30>
7.4 62.5 7.4 38.0 7.4 50.4
12.4 63.4 57.5 12.4 57.4 12.4 36.8
17.4 60.6 17.4 77.7 17.4 59.2
22.4 69.9 62.5 22.4 87.3 22.4 62.8
27.4 74.1 27.4 87.7 27.4 78.8
32.4 71.8 32.4 91.0 32.4 87.6
37.4 71.9" 37.4 90.4 37.4 83.1
42.4 68.2 42.4 88.5 42.4 81.6
47.4 81.0 47.4 87.4 47.4 83.1
52.4 76.7 52.4 87.2 52.4 83.8
57.4 78.8 57.4 84.0
62.4 81.0 62.4 83.8
67.4 81.8 67.4 84.0
72.4 81.9 72.4 84.0
77.4 79.0 77.4 84.0
STATION F-l STATION F-2 STATION F-3
2.4 65.0 2.4 44.1 0.0 52.2
7.4 64.0 7.4 75.0 2.4 52.6
12.4 60.8 12.4 77.5 7.4 39.6
17.4 65.1 17.4 81.1 12.4 65.1
22.4 62.2 22.4 80.1 17.4 72.6
27.4 79.3 27.4 83.1 22.4 70.3
32.4 71.9 32.4 85.3 27.4 78.5
37.4 82.8 37.4 86.1 32.4 77.4
42.4 82.3 42.4 85.6 37.4 79.1
47.4 83.8 47.4 86.4 42.4 79.4
52.4 84.1 52.4 86.3 47.4 81.5
57.4 86.9 57.4 87.0 52.4 80.3
62.4 86.8 62.4 84.8 57.4 • 82.1
67.4 86.9 67.4 83.9 62.4 81.8
72.4 87.1 72.4 80.1 67.4 82.7












DOWN UP DOWN UP DOWN UP
0.0 50.4 0.0 693 2.4 ITS.
7.4 63.0 7.4 74.7 7.4 82.8
12.4 61.0 12.4 73.5 12.4 77.3
17.4 63.4 17.4 75.7 17.4 78.4
22.4 69.5 22.4 78.6 22.4 70.2
27.4 73.4 27.4 81.6 27.4 78.4
32.4 76.7 32.4 77.4 32.4 84.5
37.4 77.4" 37.4 84.2 37.4 86.1
42.4 74.5 42.4 77.4 42.4 82.3
47.4 77.1 45.4 88.2 47.4 80.9
52.4 77.5 47.4 88.2 52.4 80.1
57.4 81.7 52.4 86.6 57.4 82.0











STATION H-2 STATION H-3 STATION H-4
2.4 42.3 53.2 0.0 65.6 0.0 62.7 53.3
7.4 60.3 49.1 2.4 66.1 0.5 63.2 56.0
12.4 55.2 62.8 5.4 67.4 2.5 65.7
17.4 66.6 66.1 7.6 68.2 5.5 74.1
22.4 66.7 12.4 68.4 8.5 74.1
27.4 68.9 17.4 69.1 10.5 68.1
32.4 71.2 22.4 72.2 15.5 72.7
37.4 72.2 27.4 72.8 20.5 73.2 62.0
42.4 72.9 32.4 72.4 25.5 78.1
47.4 72.6 42.4 74.1 30.5 78.9 71.7
52.4 73.4 52.4 75.3 35.5 82.4 78.4
57.4 73.8 62.4 76.3 40.5 84.3
62.4 73.4 72.4 77.8 50.5 82.6 81.8









STATION H-5 STATION H-6 STATION H-7
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE
(m) (%/m) (m) (%/m) (m) (%/m)
DOWN UP DOWN UP DOWN UP
0.5 63.9 65.0 0.5 44.2 42.6 0.5 22.0 23.0
3.5 63.2 54.0 3.5 30.7 3.5 24.0 27.6
5.5 58.9 a.
2
5.5 24.3 20.5 5.5 26.2
10.5 40.0 39.0 10.5 39.4 23.5 10.5 38,4 30.5
13.5 43.0 15.5 55.1 15.5 43.3 59.7
15.5 50.0 74.0 18.5 77.7 18.5 53.1
20.5 80.0 82.0 20.5 82.8 20.5 78.2
25.5 84.5' 25.5 84.4 84.5 23.5 84.2
30.5 87.4 30.5 84.4 25.5 85.9 84.1
35.5 89.2 35.5 77.5 30.5 75.5
40.5 76.0 80.0 40.5 70.8 35.5 66.5
45.5 89.0 79.2 45.5 58.1 40.5 46.5
48.5 78.0 50.5 46.6
55.5 62.8 61.0 55.5 1.0
60.5 63.2 61.5 0.0
65.5 59.5
STATION H-8 STATION 1-1 STATION 1-2
0.5 23.7 0.5 27.8 0.5 27.1
3.5 23.0 1.0 27.8 1.0 27.2
5.5 28.0 3.5 40.3 3.5 33.9
10.5 37.4 33.0 5.5 42.7 5.5 49.5
15.5 42.0 7.5 48.1 7.5 51.0
18.5 48.8 10.5 50.5 9.5 51.0
20.5 53.3 52.5 12.5 49.8 12.5 56.4
23.5 49.3 15.5 60.0 15.5 55.5
25.5 48.4 18.5 59.8 17.5 56.1
30.5 40.8 20.5 45.8 19.5 54.8
22.5 44.0 21.5 56.9
25.5 50.6 r3.5 55.0
27.5 48.8 25.5 53.7
30.5 42.5
TABLE 3
STATION J-* STATION J-2 STATION J-3
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE
(m) J %/m) (in) «/»rt (m) (%/m)
DOWN UP DOWN UP DOM UP
0.0 26.4 0.0 28.5 0.0 29.6
0.5 36.0 0.5 28.0 0.5 29.7
5.5 46.8 5.5 29.1 5.5 29.5
7.5 53.2 7.5 28.5 10.5 29.6 29.1
9.5 53,0 12.5 28.5 15.5 31.0
14.5 49.3 16.5 45.7 17.5 57.8
19.5 46.5 19.5 57.8 20.5 52.3



























STATION J.4 STATION J-5 STATION J-6
0.0 39.5 0.0 55.8 0.0 52.8
0.5 40.4 0.5 55.3 0.5 54.3
5.5 33.2 3.5 59.6 3.5 51.1
7.5 36.5 5.5 60.5 5.5 48.5 54.2
10.5 68.8 10.5 69.2 10.5 39.6 36.2
15.5 74.2 15.5 77.3 13.5 63.4 62.0
25.5 77.7 20.5 78.7 15.5 63.0
35.5 78.6 25.5 82.3 20.5 68.5
45.5 79*5 30.5 83.7 25.5 69.2 74.7
50.5 76.0 35.5 84.2 30.5 74.3
55.5 52.7 40.5 84.7 35.5 78.2
60.5 54.1 45.5 84.7 40.5 79.1
65.5 51.4 50.5 84.3 45.5 80.3
55.5 81.1 50.5 81.5 81.0
60.5 80.1 55.5 81.2







STATION J-7 STATION J-8 STATION J-9
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE
w . (%/m) (m) tt/W (m) (*/»)
DOWN UP DOWN UP DOWN UP
0.0 58.5 29.3 0.0 61.0 0.5 61.8
3.5 74.3 33.7 0.5 61.2 5.5 62.7
6.5 58.0 58.0 3.5 62.6 10.5 65.0
8.5 78.1 5.5 65.4 12.5 68.5
10.5 61.0 80.0 10.5 70.3 14.5 71.9
13.5 83.0 15.5 72.3 18.5 75.9
15.5 80.0 84.7 20.5 74.4 22.5 78.9
20.5 83.9
'
25.5 86.6 25.5 81.3
25.5 84.0 85.5 30.5 89.0 30.5 75.7
30.5 85.2 45.5 89.6 40.5 75.0
35.5 85.3 55.5 88.5 50.5 76.1
40.5 85.4 65.5 87.9 60.5 76.9





STATION J-10 STATION L-l STATION L-2
0.5 36.9 36.9 0.5 54.9 0.5 51.8
3.5 38.4 3.5 55.1 3.5 51.5
5.5 60.5 60.2 5.5 55.1 5.5 51.1
10.5 60.4 62.6 10.5 56.6 10.5 50.7
15.5 65.2 15.5 63.8 15.5 53.6
20.5 66.9 66.9 20.5 62.5 20.5 68.8
25.5 68.6 25.5 74.8 30.5 70.0
30.5 70.4 30.5 77.1 40.5 70.0
35.5 72.8 35.5 77.9 50.5 68.2
40.5 76.2 77.7 45.5 76.5 60.5 66.5
45.5 78.0 55.5 73.1 70.5 52.8
50.5 79.2 65.5 74.5 75.5 50.4





























































































































STATION L-9 STATION fc-1 STATION M-2
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE
(m) (%/m) (m) (*/*) (m) (%/m)
DOM DOWN DOWN
0.5 34.0 0.5 6.5 0.5 28.0
5.5 34.0 5.5 8.2 2.5 24.0
10.5 35.0 7.5 21.0 5.5 28.0
14.5 35.0 9.5 41.0 10.5 28.0
15.5 29.5 10.5 41.0 15.5 20.5
20.5 29.5 15.5 41.0 16.5 45.0
21.5 33.5 17.5 42.5 20.5 51.5
23.5 45.5 20.5 39.0 23.5 51.0





STATION M-3 STATION N-l STATION N-2
0.5 44.0 0.5 18.5 0.5 22.1
5.5 45.0 3.5 21.0 5.5 21.5
10.5 42.0 5.5 35.0 7.5 20.5
15.5 51.0 8.5 51.0 8.5 24.0
18.0 61.0 10.5 51.0 9.5 50.0
20.0 50.0 13.5 51.0 10.5 58.0
23.0 42.0 15.5 15.0 13.5 62.5
25.0 39.5 17.5 51.0 15.5 57.0
27.0 37.0 20.5 48.0 18.5 62.5
23.5 48.0 20.5 60.0











STATION N-3 STATION N-4 STATION N-5
0.0 9.5 0.0 20.0 0.0 9.5
5.5 9.0 5.5 21.5 5.5 10.0
10.5 31.0 8.5 32.5 10.5 24.2
12.5 43.5 10.5 28.0 13.5 33.5
15.5 42.0 15.5 43.0 15.5 32.0
18.5 42.0 20.5 53.5 18.5 35.0
20.5 47.0 23.5 54.0 20.5 46.5
23.5 46.5 25.5 46.0 23.5 44.5
25.5 40.0 30.5 42.5 25.5 47.0
28.5 32.5 35.5 37.5 26.5 41.5









40.5 27.0 40.5 34.0
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STATION K-6 STATION N-7 STATION H-8
DEPTH TRAN3MITTANCE DEFTH TRANSMTTTANCE DEFTH TRANSMITTANCE
(m) &/*) (m) (*/») (m) (%/m)
DOWN DOWN DOWN
0.0 "TT5 0.0 ~o 0.0 "O
5.5 10.0 5.5 8.5 5.5 7.5
10.5 21.0 8.5 14.5 10.5 40.0
15.5 43.0 10.5 17.5 20.5 66.7
18.5 48.5 15.5 36.0 30.5 57.9
20.5 49.5 20.5 58.0 40.5 57.2
25.5 46.0 25.5 54.5 50.5 40.3
30.5 47.5 30.5 49.5
35.5 44.0 35.5 47.5





STATION N-9 STATION N-10 STATION N-ll
0.0 9.5 0.0 10.0 0.0 9.0
5.5 8.0 5.5 10.0 4.5 9.0
8.5 10.5 7.5 1.0 8.5 18.0
10.5 9.0 9.5 1.0 9.5 11.0
15.5 49.0 10.5 11.0 10.5 15.0
20.5 62.5 15.5 52.0 11.5 69.0
25.5 72.5 20.5 70.0 15.5 78.0
30.5 74.5 25.5 73.5 20.5 79.0
35.5 74.5 30.5 75.0 25.5 77.0
40.5 71.0 35.5 76.0 30.5 76.0
45.5 61.5 40.5 75.8 35.5 75,0
50.5 47.0 45.5 71.0 40.5 75.0
50.5 69.0 45.5 76.0
55.5 68.5 50.5 76.0
60.5 67.5 55.5 76.0
65.5 66.5 60.5 74.0
70.5 66.0 65.5 74.5
75.5 65.0 70.5 73.0
80.5 63.0 75.5 73.0
85.5 58.0 80.5 72.0
90.5 55.5 85.5 71.8
95.5 54.0 90.5 72.0
98.5 54.0
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STATION N-12 STATION 0-1 STATION 0-2
DEPTH TRANSMITTANCE DEPTH TRANSMTTTANCE DEPTH TRANSMITTANCE
(m) tt/M (m) «/w (m) (%/m)
DOWN DOWN DOWN
04 18.5 0.0 5F75" 0.0 I53T
5.5 18.5 5.5 66.0 5.5 22.5
8.5 80.0 10.5 67.0 8.5 72.0
10.5 82.0 15.5 70.9 10.5 76.5
15.5 83.0 20.5 79.8 15.5 80.5
20.5 ' 84.0 25.5 86.9 20.5 84.0
25.5 85.0 35.5 83.9 25.5 84.5
30.5 85.0 45.5 84.8 30.5 83.5
35.5 84.5 60.5 86.9 35.5 78.0
40.5 84.5 70.5 86.1 40.5 76.0
45.5 83.0 80.5 86.1 45.5 75.5



















STATION 0-3 STATION P-l STATION P-2
0.0 9.1 0.0 32.8 0.0 28.0
0.5 35.5 5.5 33.0 1.0 24.0
10.5 69.4 8.5 33.0 3.0 29.0
15.5 77.6 10.5 44.0 5.0 32.0
20.5 75.6 15.5 67.0 8.0 28.5
25.5 75.2 18.5 60.0 10.0 58.0
30.5 77.5 20.5 65.0 15.0 79.0
35.5 80.7 22.5 70.0 17.0 74.0
40.5 63.1 25.5 70.0 18.0 60.0
30.5 71.0 20.0 76.0
34.5 69.5 25.0 73.0
35.5 63.0 30.0 56.0




STATION fl-1 STATION R-2 STATION ft-3
DEPTH TRANSMITTANCE DEPTH TRAN3MITTANCE DEPTH TRANSMTTTANCE
DOWN DOWN DOWN
0.0 21.5 0.0 27.0 0.0 24.0
3.5 21.5 3.5 26.5 4.5 25.0
5.5 29.0 5.5 22.0 5.5 21.0
10.5 30.5 10.5 27.0 10.5 54.0
15.5 45.5 15.5 62.0 13.5 68.0
18.5 58.0 20.5 69.0 15.5 66.0
20.5 54.5 23.5 69.0 20.5 67.5
25.5 67.0 25.5 49.5 23.5 66.0
26.5 66.0 30.5 47.0 25.5 47.0
27.5 51.0 35.5 40.5 28.5 40.0
30.5 46.5 36.5 40.5
35.5 39.0
40.5 33.5
STAT I Oft [ R-4 STATION S-l STATION [ S-2
0.0 18.5 0.0 16.0 0.0 12.0
3.5 22.0 3.5 21.0 5.5 12.5
5.5 59.0 5.5 36.5 9.5 7.5
7.5 61.0 10.5 52.0 10.5 16.0
10.5 50.5 15.5 60.0 15.5 41.0
15.5 60.0 20.5 60.5 18.5 18.0
20.5 56.0 24.5 46.5 20.5 57.0































o cn-^^o ~* cm o c-H en H
sMf\>tHHCVH
vOsO^tCOrHi-frHi/N
rH U"\ iH CM CM -«*
oo«r\tf\cMoc>co^HH>t Oi <n ->t




vO^OvOvOrHOCOQO cn rH CM C*- t>- rH cn
CM rH O O »T\-^0 rH rH
cnvO O O Q CM cn r^
>-* rH ^t->t>B 00 rH O
OooirNCMf-vOCM-^
SrH CM Q CM t> cn C-\ONMOlT\fiOvOH rH rH H rH
4c * *
o t> cnoo o cm c> cm













































































































c\ C» C- »A
-« O CM C^ nO
CMCN.f-CMHr^CN^CMH




Q >T\C «AvOtO n o ^
(^(MCVr^t^H c\J N c\
Q^OHC-conO »n»n






CM H C*» -4" -41
^ »A -4- f- c*> -4-
H H r-j CM CM rH CO
CViONCVC^OC^C-Q
v0f-(0(NQOONtOS CM (Vffl iAO»n
-tf CM CM CM •**->* CN. CM
»T> rH CO O "°V CM CM CO
>t(»\CV CV tfiiA^N
0"ftO"AQ«MAO

























































vO 00 (ft to
<n^ \0 •»* w> r-
cn cm o co \0 *c\^o
CO O -<*-«*sO cm -*
cm rH iH O
co ir\-«t o>>o o co00HH^W>H«2HvOCV HCMNH
NOIMM »T*vO »n
>A O C- rH CM C»- -s*
cm c- cm cm c^ cm cm
rH CM C*S -^ »AvO C*-
^*vO o^
C^ CM ->* CM **
-"tr^C^CO «S<r\»n^
-* O CO e\ c> <N «> >* OHCVHNH WH H
as
oOvOOOC^OvOO M
»f\ ^t «?\ r^v CM vO ->t -»t h
"" Q COnO "
rHrHCMrHrHiTvCMCM















CM rH r-< r-\
CMCMrHvOOCAC^vc^
rH CM rH CM ^ -* C*- H
CN CM rHH rH CM r-i
















































to *r\ *•*<*%H H
t> CO CM -^O
T3






















CM H »f\ H rH ,H rH
O O C"- vO •"$
CO CM HH
>f\»AO«A<n»A HCM




-^ to C^ vO »f\tfwOtOtOO o>*
CM HH(^oHvO+3
C^fiOHOmir* OH
vO O O^N O u> cr^HHHHH H rH H
HvQ C\C>vOO NT C*> O CO
C^rH H
•H





CM t*- rHF- CM t> vO -*CMv0^TCM»r\O C^ ->Tf^n HCM r-i r-i r-i i-i
to CM C\CO O
csto t-i c*\ c*\0-«* CM rH H
to






















































CV CM »Tt cn O O CV
«H rH fH








CO 5- Q CVvO vO -sJ-nO
vO C\ C\ OCVtfNrHsOgNONON
to -«tsp to o onc- to3 <r\~<*CV H
Q umtn OOQT(OQ«Mft










CV rH H r-\r4
O O O O Q »A «T\ O'O









































rH C- sO -t
«fN ^* s w^ <^N
tf
H CM






->t WV <*> ^t
C^ O rH mf-
rH f-l
C- H CM r>f>
tO(M> -*C0 (V O
rHcMm^^CMCOOC-to




rH ,-i CM CM C*\ sflftvO
rH H c^
r> -* rH tQ iH ^>t«0O













r> r> cm o^o rH «> o «o -4- cm-*
C- CM rH
r> r> -** r> w> >* »a vo r> m













































rH C^ CM f^Ov
CM vO vO CM C-
>* ^t C*> rH C^C*-
«>• c- -** t> >o -*H CM H CM rH
c*> C«- CO C- c^sO
CM O <H OvOvOrlHH
O O H O c^CM
CO C\\D r*^ H O
iaoqo QCQ
vO vf\ C> cm O >t <">
Is- <r\ »r» c- -«* cm -^vO E'-
en ^tC- C^ CM
-<f^*l> H
CM H CM CM
o












CM rH rH CM rH rH rH
COO>*^HOO^H
^rjHvr\(0O«0fi0O





















































C^v CM CM <«**r\ »r\
fN-^CM^^iAiAnr^C^











-»* t> CM C> C- >n
ntO CM mco tf\ c*\ >*
rl »*| (M
t> mcMmcMmmcMO




m t> CM \0 CO »/>tO CM »f\CMtO<T\CMCMOCMNOO
CNJ H H H H rH
Q O »r>(A to H
-^H CM
c^tOOmvO CMvQr^^t
CM CMHtD >T\ C>nO O CMm CM CM H rH rH rH rH














































R ?- m «n
o o nO cm c*
<-* H CM H
vO CM CM i-t vOH CM rH CM
OtOn -4-^vO
CM CM en en CM
!J5^St^ H
mta r- cm »*
CA CM r-i r-i
sf (^ tO O n? N O
Cn CM rH r-i r-i
CM vO vO H CM
00 OOHf^nH














C> ^* CM »n r> *n C- rH M
£* r-i cn H <H rH CM t*- E-i
£
c^ oooo c- »nencM
O00»nC*-CMCM00<nv0
vO 00 00 O sO iTNrH en CM







rH en O O C- rH rH
vO O *n 00 -^ C- r-iO OvO m CM -4- CM
rH C<\ <n CM r-i
o
v*f> CM CM CM -^ CM CM
vOOOOOOr*- CO vO
enen r-i H 1A
->*00nO en C«- rH-*CM C-
CM 00 C- ~>t >* ^TvO O O
en CMCM C\ CM CMrH CM
00 C^ «n O 00 00 "«*
«n -stsO m c*- cm -»








<n5- iftHCMO CMO0-* rH rH rH rH CM vO
T»0 O Q »A O in O
rHCM en -^ ^t »n »n c~-
HOO >t>tvOH>n^
vo <nen en -*c^cm h »n
00 OCM C*- ^O cncM r-i CM
I
* n
O »no <n £> >nm»n o*-iH rH cm CMcn-* »n o
CM
1
CM CM Os O -* CM >0
c- cnvO c^ o cncM







































r- ir\ enoo «\>
<n s*cm H
«\ to a> <*\ o t\ >
,3 CM cnH H
OHO CM C-
en




-*t r4 C\JH C\mf\H H
•^HNiACO sfvO
KJ
sO »r\ en s* h cm stH CM ,-\ ,-i ^ ^
s* H sf O H CO >0 O C- 00 CM CM »n 00 H O Q O H CM en
^Jr^NN H CM CMH H en r-i i-i
Q HCMp CO 00 H
*
en CM H
st oenvO CM H





en O H »T\ O en CM
CO ># sf H H CM H
CM »f\ CM sf 00 O CO
•>t>AOH fi r-i
8
cm co vo o sf o en mH CM Ol> CM CO O H
s* >T CM CM H H «^
O sfO CM sfvO -*
en s} t-ir-i H
sfvO O Q OO O^Hnn cm en








O l> CM m
to o^n^^
00 *rv s>CM H CM
65
«
n0 H O stir\ 00
CM CM s^vCm va <M
CM I
en co vO en »ncM q
en»r\ CM O Hsf -3
CM H H HCM H
O -ten H CO H
CO 00 sf CM en CM
(V QtOCO «AiAP>
vO OvO O **> O00
CM H H H
OfNCMHOC*- m«0
sfcncncncMsf iTkS> IACM CM® O0»Tk st CM CM UVO »A
00 »n CM st en CM C*-
JTk en CO H tfN sf tf\
st >T ST CM CM en CM
H -t CVsO OCO 00O H stO »n<S Q
sf ->T ocb «TN st<35
o «\ O >ft O >fi oHH CM CM en
en O
00 QvO CM C0CM CM
CO s>00 H »T>cn »Tv
o H >n if\^Or-\ co
O »n o »r» o*r\
CMCM en
en c> cm en q »r\ h
vO OvO 00 r-fstC*-
o O o s> -r ir\ sf






5 CM r*\H ->tH CM rH COHOiACM rH
oo
CO
c\ 00 -* -* O C*-H rH H
o
CO
1 H CM H








C- O00 O >A rH
CM H rH H iH H rH r-i r-i
o
vO vO 00 vO cn oH HH
vO -t^-tc^OO
CM »AiH HOJH
rH CM 00 C> rH
r-i »nsf CM
OvO rH >Tv O rH














~<f CM CM rH CM iH
HONtVNO
C>- OCA r-i CM H CM
1
'-a
0»TkC\»r\->*vr\rHrHO 00 O C» r-i r-i
r-i H
vO NfCM CM vO vO rH ^t







O 00 *AC-vO O^
c^\ CM O O -41 •>*
CM H
OOO 00 -«* »r\ rr\ ^*
vOvOO r-i \0 r-i «r\ CN







-»*sO »r\ o ->r
-»t
>*rr\cn H CM -»t
00 H>A tO WNsO^tf^






>t kfN^tvO 00 rH
«> V\t-i O O 00O C-vO c*>c^ in
00 Q^> o o^o o o
r~ ChOO C^v 00 rH nO if\
CM t-iO^ 00 m en m CM
rH rH








00 *T\ Q 00m CM rH
rH CM 00 r-jCM^ CM
d
R




\0\0 >* c^nO -4- O
r-l rH CM m fA
vOODOOHOOmvO^
CM rH 00 »n r-i rH^O
Q CM -** 00 CM >* »r\ •»*-<*
^OrHr-C-CMcm-Hn
en m CM
f- m C- o m vO en ->*o
00 -«± ir\35 00 -«*v0 00 rH
U"\vO mnrlrl r-i
\0 <> en en c»- »r\ «r> c\oo
vO CM ->* <t CM rH CM C*YO
CM <n rH O rr\ CM r-A Hf^


































































O rH rH CM CM CM CM
rH CM vO










«0 -4-0 O OH tO
lA -^O <*> CM H
&
H CM rH C- CM »T»>*vO
»f\ CM rH OsS CO t> ^t
>Tv^^H rH
tO CM Tv O >A r-{ sO
sO »n «TN CM nO ITV t>
tO c*% ^t -»*C- O »f\















>0 to »t>^nO to O
o ~5- vrstq o c^ oh -4-nO ^r> 00








c^(r\ CM CM rH H
v0 n0 njO H tQ C^ O O
«/N-^CAO^TC»-rH»nCMvOtOC^vO-^OO
C*\ <n CM CM rH rH rH
0«>0»r\00»AO














































rH to CO r^
sO
rH »r\ CT\ rH
r*> r> r> cv »rv c^
-O mCMHHHfVHH
C- ^t m CV to CV r^
c> c- r~ t*> to <V 00
->* O O CM H ^O C*-
CV H rH H rH
r- no o^ >* **% o o
CO tf\rl O^^Oo vO vr\ >^ cv vO co
CV r4 H H rH












rvt m CV rH cv CV £H
63
CO -4T- O «rwQ o
co vO ir\ »/\ to »* »r\
to
>o t> -»t CV U"\ o <*>
CV rH r^
c\ c- c- ^o cv o c*\O rH C- C- rr\ (^ »rvH rH m^t^tF- CV
CV 33
CV CO CV CO
o cv to c>- ^»>tHH >*v0 vO>JOO^IA^
































































rH CO >T\ CM
-4<3^tO r-i MWO en
•«*fH CM
vO o o <n o to C*-
cov cn ^3- »r> cm <* cm
t-t vO »r\ co -*nO en
CM r-i





cv H to ->*
lANHH »3
tO O CM H
^o o h -<*
vO c\ m CM C- C*- «rv >n -«* c*% c~
r-i 04 <*\ H
c^ sO -** to to c\ vOHHrl CO v£> »* ^
d vO u> O
iAO(^\0>tM>0> C\->*C^vO CO
HC<Stf\HH CM ->* CM rH
O t© C^ C- tO >* CM CM vO
CM CM rH iH CM C\ r-i
\0 OC>«N^
CM rH rH t> O "<* <T> H i-H _. -^ rH »* tO >* <*> O »f>>iAtfMAC*H (V(^>A CM
H-l
to ir\irir-^T">TC^QC^




v£ ^*rH CM rH
vOCMrHOrHvOtO-J
-** O tO CM O* C> CM »f>












































3 33 vO vO
ir\ CM CO -«* CM
CM »TN CM rH
cm •>* r> o ^o




8 rH rH ^* rH rHvOtO t>^ rH rH
CM sQ O ^ -* t>0
CO vO >/NC0 H rH
»r\ op o ^* oo OO
cnl sO v3 rH »/\ ^ en CM -4>
o oO H to to OCM mH "^ H *»*"35 t> cncM £h
«*! CM ^*cn CM rH rH <j
CO CO
CM •**{>- t> Q O^
<T» O OvO e*\ rHrH
CM cnrH t> Q C^-^t0^0^-** OO
rH rH rH rH




\0 -*t> -* »*
»Tk rH CO C-nO
c*






-too -* >tn mt-
\0 t> CM v£> O 00 vO*A
CM CM CM H rH
vOrHrHC-Ocncn^CO
^t CM CM rH in H
OOOvOcntOOOCOcn
CM 00 t>- HiAHfAlH
Q O rH r>\0 O ** £> COdhoto t»rH->ti> »n
ct
-** m
H to »r> en
O Q O tf\8






-^tfN^ttO rH f> -*rH
or- vaco nth <nif\CMcnrHCn-TrHvOcn
vOOOO-tO^OcnrHCM
en m en CM CM -tvO Q <r\O00OCM<AOrHe>vTv
O VfN O *f\«TvQ Q O Q O
<H rH en ^ IA^5 r>
>*
->tO CM
tQ CO CO v0 en5 mcv H
oo -«* en vO eninO^H
cm »r\ c- cm >r\
Rp c- c- -*tCM CM
rH rH en en Q
CM \0 <n CM 35
v0
-t->t t-i


















































C- O O rH
rH rH «Tv H
&5
sO^iAH
CM C- 00O rH rH
00 O CM CM
rH H *aaa
O -*t C> CM 00
r-t CM
to «r\ »* >n vtn -* cm
o vO o *r\ oo r~- <m
CM C- rH
CM O O 00 rH 00 O
CM rH lA H
O O c> CM C- c> o
f> rH -«* rH rH
vO H O^WtO
CM O CM CMrlHH
~«t H cr\vO CM c^o
CM CM H r-i
\D *« O *A 00 O 00Q^O^O^OtVH>







\0 H mtOH c*> CM cr\
Q vO 00 vQ O -t-* CMf^ C*\ CM rH
Q O ->* CM c-
CQ H »Jc^ 00 E*- ^0 Qir\ m ia <*S
H rHc^ CO ->t
CM -T(^ CM
-^ »r\ c*- >r>
r-i r-i ~>t r-i
H CM CM CM
vO >* CO c\ c-
c- o 5r h CM rH 00 O-s* o to to
rH rH
CM vO sO -^CA




Q O H O
-* O rHvOH H
vO to m O r-i
CM >T\ -t ^O rH
-<f («> CA cr\
ft
O O */NvO
c\ c^v rr\ -^
O 00 O "^> »Tk
00 00 O CM OO »T> m U"\ rH
OvO u> CM
>r>vO O H
vO »r> O vO
rH 00 tf\ CN CM





O >A O »A
rH rH
298
oo % lA^O C*- -« s "^ f\ o*
-H rH r-1 rH CM
CM <H CO ^O
r^ CM CM H U"N cH












































HOJHH CM CM en CM
vavO CM wv »r\ ->*HH H H r-J CM sO t>
c>vO »*CO CM C^H rH H CM -*-^t Q CMen en ^J CM
O -^vO »r\co cm r>n>to
en -*-$• CM
HtOMTiMX)
C- rH CM O
Q f- »n »rs en Q
vO U>vO W> -st ^
-
-»T en Cn (7^
rH r-i





O ->* O en
r-i rH rH rH
•<*|>t C> Q CM rH
O^ c* ^O <n O ir>
Ol en CM CM CM cm
O^O en CM
C- rH C*- m
CM O O NfcnrH
rH HHHrl
•>t O H ->*s0 m
CM C\ C^v CM CM rH
CO -«t O VT\ lf\ CO
rH CM CM »A ^t rH
C> O *f\ rH O CM
CM >* CM H en
H CM r> CO vO CO
CN CM CM en
IT* CM CO «* CM C>-
-«tC^ CO O r> en
m CM vO vO CO O








IA CM C- CM
CO P- C^-vO
C> CM O r-i CO O
-tf CM CO rH rH Q
CM en CM en CM CM
O CM vO rH OO
sO O CM CO C- O





v£> CO O CO
rH Vf »rs H





t- CN O Q co <n
CN O O^O O £»
CM H CM O H O
rH rH rH r-i r-i
•H H C5 CM
f> CM <£ «A
C- CO CO ^5
l> o
H rH rH rH
O cnvO O
vO. CO CM VfWO VfN
CNCO CM CM ^O en
CO H CM vr\ CM CM
O^OiAO>f\

























































»/> to -*to >n
C*» ir\ f~ en -•$• en
to o to ^tto^o
CM rH CM CM <H rH
-^ on CV -"4" rH H
sO ITVN0 CM vO r-\
cm r> >r\ vO vr\ cm
CM O H tO en^O
tO O lAvO \0 CM
en «Tv O ->* T> O
CM CM rH rH rH
Q O -t CM O tO
Ch vO O tO (A>O CM en CM CM en
vO sO O en>0 OQ ir> CM CM CM en
-^TO O C^nOnO




TO \0 en »r> "* cm en
O tO c^ r-i CM en en
-*t •>* C" Q ^O H «T\«'
cm
-t c- -t o enm
en en en "*T
\0 O ->t -<fr O O Oifi(«\ON CM CM
o r>^o o to o o
>* CM C-- O «H -* Q
t^ rH >•* O fM en ^T
o o c-t Q enm cm
r> o ->* cF> vO vn enrH CM
=4
CM CM CM CM
=*
55 25O O
i-i CM 0>0 O CM O ^t M
e-t CM H tO O CM iH »r\ e-i
<3 vO \D tO »r\ H H H <
e< H
CO CO
en C^ cm vr\ m q O
cm o o en o to to
CM en CM tO CM rH CM
to H ento to ->t^t
to »n cm to to ^*o
en »fN oto ^T -T VA
CM CM CM rH
O WN C*-0 f- en«>
rH H CM CM
vO CM
rH O
o -* H >n> cm
<H O O rH CM HH r-l
C*- en CM sO TO -*
CM rH
3 vO O en -* ">*
C«- r-t O CM TO tO
en H H
f>0>t«)H^H <H en rH en r-l
en O C> rH C*- o
vn CM CM "C- -4 to
en Q Q >A CM TO
vr\ -^sO en i/n
CM
-st •** en tO vO O
o va m o o ^
nO rH CM CM CM rH
>tMAxtO0iO «TV O «n Tk ->t
t^- CM TO >A»0^
O CM O TO C- rH
CM en en en CM vOO «n en O O O
en rH r-t
















o cm «r\ -* rH CMsO »AvO O





rH -4- CM CM H H en o »r\ »rv oo m^or-i «»trH rH
so <> enoo r> o
rH v£> CM
t>- r-i -$ m oo >r\ o
->* C^ ITS r-i t-4 r-l r-i
*8





o en r> oo r> cm
ITN CM *r\ rH CM
£» C- »rwO -4 oo H






Vf\ r-i O ->T <n CM
r-i
so vO c*- oo o o r>
>* »r> O C*- t> cm »r\
r-i CM CM H




CM CM C- C» O Q CM
00 H rH C^ rH v35 rH











g\ O vO O CM rH C-o cjn en -^ r> oo o










^ x* £>• vO O >*
r-i *C\ r-\ O C*- CM
vO oo oo en en »r\H rH
o enca rH en o -t
<H Q C*l -4 CM Q 00







CM »r\oo o »n CM
Cn O rH t> r-i 00
00 rH VM> H 00
CM en rH
>A o oo en C-* 00 CM
rH en CM vO »Ti 00 O




r-t cm cm <n
O «n o o o Q w>
rH CM tn -^ -4
CO Q




»rv r> vO -»t «>H CM
rH Q CM ->t 00
CM CM en
CM O ir\ 00 vOirwO
rH CM O CM rH
n* H O CM en
rH cm r> o ooH moo H
-4 r-H en 00 -4
vr\
->T en CM --T
UM> O H O
CM O O 00 -*
CM CM CM
O O CM Q en
OO Q en Ch CM
•^•05 CM rH
r> r-i cm c» r-
^J- cm «r\ o ->tH
-«t en CM CM
v^) en t> O vO
t^- ir\ O CM o
oo c*- cm in »r\H CM
00 00 ^ >t\flOvO 03 Q "•*
rH en rTO o
-t\t\rt r-i r-i













































H c<s, CM c*s, C- vf\
r-i CM CM r-i
m H rH cm
r- os r- >* -4-co
tO <n rH ^t >Tv vf\
tf\ O t> <-i




-**sO >T> O rH 00
CM Os r-i (V tO Os
sO »f\ CM rH
OstO rH
->t »f\Os
-<*cs, H C-sO 00 »AH VA CV
C> tO C^ Os tO tO
^t OS CN Os C^ sO
Os
N, s c*- •
os r- <v rH >*gs
rH es, o C*- H CM
CM CM r-\
tO sO tO Q rH O
CO m OS Os «>00
sO vO CO O CO cr\




CM »TV O sO sO -<*
»rs.CM r-i H
C^CO O O C» rH
«MT» r-i ~-t
OOs Os C»- rH 00
rH 00 »f\ ^rH
C^ O Os rH -* >^
rH C- 00 "T CM H
CM CM
mo c\.co CM cv.
CAC^V rH CO sO -**
-^^ r-i
CO 00 «»> r-i m
CO CM -t CO o
^tCM CM CM H
sO rH Q sO ^* IT*
mes, *T H CM C"\O CM «A "TitMH
(*\~i Os Os C- CO
so *r\ os o r-i \o
\r\iO os n> ^* cm
r-i r-i r-i
00 CO ">*sO 00 m
>A O CM C^- tO ->t
rM &\ r-t C\ 00 VTi
-<*-t CM CM
O »A O O O QH(V(«\st
sO Os
r-i O sO o
CM CM
° >T»
sO 00 r-i r-i C-sO
CM 00 r-i r-i
tf\tOO> -***
CS. C*~ lf\
00 >n ^t «> Cs.sO
00 00 CO H
«T>C- Os r-i r-i
r-i CM
HQ>r\OM^
oo so os «n (*\
<*\ CM rH
Os rH m\0(OH
»n o co f- cm <o
sO C- CM
sO t> ->* Os t> Q
OS 00 r-i t> OsCN
C- NftO rH CM
»r\ »r\ O cm so >0
W> CN r-i sO CM OQ sO Os Os OsrH
r*S sO o t^ >tN
«\M^ rH

















































\D CO Q en On
CO CM
$ r> o cmCA r-i H
\0 tV lArl >vOO m ^* r-i
r-i CM r> \0 rH CM C-
cm en in en rH
-** cm H »n m en
f- o cm m r-i rH
CM CM --t co en i> ->*
en CO ->T WA CM rH rHCMHH
en h cm cm en en r>
i> O C*- <-i r> r-i CMH -** "»* r-i
CO C"- pj, Q ^* *n enm m O sC en vn vO
en >> H en H
p-J
-«* m CM -<* O O
CM CM c- CM CO m en
vO en p r- ^ CM CM
v°^ £ ^ H >> CO CMno nO en O C- nO \0
O iA<AO O Q O
rH cm en •>* m
X »n
\0 en
enH ^t CM * 3 C- rH
s tf> IfN rH
m en m -«t
O -*t o mco
cm i> H m
r> co h c- -* ^f eninvO o in
m »* O co o --*v0O i> CO O rH
enrH r-i
en CM'O -"4-00 CO vOiTiQiftOH
o <> en m
O O O r-i Nf in
CO t> £> rH
On in cm r-i r-i enO^O en H
->t in o \0 en -**m on m
en nO m C^ nO en
On O r> r-i
en e> r-i m to -**
On C»- -T t*- en
CM -T CM H CM CM en
r-i
<n H CM C- Q vO -*




CM CM i>- »* Q CO
On Q On rH en CMm ^J »n rH
35OH
<
CM -* Q C- CO CM On
CM
-»t en OnvO ->*v0




(> OtO O OvO
On r-i en to m ^t
i-i r^ r-i
00 »n cm en ->t cm -^
CM m r- On CM CO
t- nO CO CM m r-i CM
r-i r-i r-i r-i
t> ->t Q ->t en en
r> in v£> r> en cm
CM O nO (> CM CM
r-i m rH
en in in CM en o
vf c*- i> Q on vO r-i
nO CM r-i <0 »> CM CT\
~«t in in en
O «nl> O O O OHe^ino
cm co co en o m
»n r-i
-*t -^35 ~*fQ mO cm en en
>5o ->*H
O *n o «n O o




























































to r*\ ir\ -4-
CM \0 rH
r-- so c\ t>(MOJNH
U"\\0 vO CM
tO «"N O r-i
8 H(V>AOnnO c*n,
cm o cm i-h to c-
in vO vrv s ^ en s
fN,
->t UA >T\ rH rH
CM CM rH
C*» O rH O, \0 t> vO
c<\ On Q C> rH rH
->t CM "3 CM
^t m CM »/n. O C> CM
On CM O rH ->t CM mO tno^r^
to r> o «n >* in o
^ en r> »tn to no cm
CM ->*vO rH pH cm
to ON no to ^t CN, CM
On CM O t0 CM rH O
-**\0 35 to cm r-i en
oiAOOtMno






c<\--0 nO <n to
CM CM H >*
St" rH 00 Q CM
f*N C*\ H cA H
O Q CM en tO
CM ^TnO<*>
oh mc^-iA
CM en CM r-| rH
O t>- nO »/\ O t> -JO nO »r\ H rv
to CO rH sO
-<t \D H
rH »T\ rH t>- CM rH
C*- Q '>A On >t ON ^t
CM CA C*- >TvvO r-i
r-i r-i CM r-i
Q CM CM sO CN. on tO
•3- vt CM C> O r-i
CM f\|C^iAH
o
t\i O^O t^Htnr^ r-i
\D 0"Mr\>ft^n H
f> t- f> rH H r-i <c
r-i vO CM vO r-i vO *Tv
-* C*> CN, -** en r-i
-*t
tO t> CM nO CM rr\ r-i
\Q VTNvO O "-tNO C^
cntO r-i On
-J ON f'N,
cm o to c>no en <n
CM CM rH r-i










U^vO r-i sO CM
CN. r-i -** t> «>
->t >Tk -st rH sO vO
vO C- CM CM r-i IT\ C-
•>t O C»- CM XA Cn- CM
rH rH O CM r-i
\e\ «n to r> p to >r\H en C\ f^ CM H rH
tO nO r-i \f\ to -4" CMfX)vOONtsfO>t
VT\ CM rH rH *T\ C<N CM
CM nO t> r-i CM CM CM
C^ CNNOrH r> tq on
r> f^v CM CM to nJ- CM
O >f\ o i/n >0 tf\ o



















































<n Q H men
CM -3- en CM
m f> -sfr vO CM
CM >A CN, H
Q Cn CM »T\\0
c"S -<* -* CM
sO
--t u"\ cm in
vO vO O to
H 00
-t en c*> <n^t
nO CM O CM <" '
vO O O O CM (*W
H H CM CM
vO O -st -«* O OH
>tO«)00H CM
00 C- CM ^* Q OnH O -4" CM -3" CMvO
oo o cn oo
00 Q O H CM ITvOO
f> ^O vO 00 O CM >f\MCONHHCVHHCMrl
00 >* <n »Tv »n CM CM
en m o \b o r>\0















r> r> h en
cnr>8
vO 00 CM
-^ r> ooo o o
IA00 tf\ r-i r-i
O -* nO >* -*v0
^t if\ -^ CM CMH en
en en HC"- <>« CMO vr\ o cM en
vOC- H
en cm eno h en
\0 »n o o o o
en en CM H
en>n cMo cm r>Q H \D «A »r\ r>
sO 00 -<tH rH rH
CM CM






rH O rH O
r> -«*vo >to«o
CM rH . H CM
r> cm en h r> »n
CM CM rH H rH
rH vO O CM -** >A
C^r-i H rH rH
en ^T<n rH -3
->t o en r> so r>
en CM H rH H r>
OvO f> H Q CM
vO en 00 en -3 rn
en »n r> oo -»* o\0 en no cm oo »r*
rH rH rH rH
vO nO vO CM CM H
rH ^t CM oo o r>
-4- CM rH rH
•>* O O f>vO Q\0 r>so o oo <t
oo r> «n CM H CM
00 Q O OvO CM
>5 to en >r> rH vO
CM rH 00 -« en 00
OHlr\OOMA
oo cm to «5 oo r>o ir\ r> co r> c*-
CM CM rH rH
.O O «a m Q o










H C0 -** «TV »r\ en »r\ c- co vr\ rH m OH CM H






3 r> <n cmH rH to mto -^to r> vO rH CM lAH CMrH <^rH
8 •
a





CM CM CM H
vO CM CMvO rH O O tO ON OvO
<n CF- rH O CM rH CMH
^f vO r> CM Q
vn tO H rH CMen H CM H
g8
M
H O O O rH O tO CM H Q WN^> CM
CO "^ rH CMa? c^- en CM s »A U"N Q IT\ C*>
T?
<D
3 o CO q »n
rH CM tf\
CO vO O CO «A cm to C- rH entO t-
a ^ CO »f\ r> Nf rH CM «A OHiA^H





R H O r> CO rH
-J'vO »T\ O C*- H CM h -^ r>o to




rH rH rr\rH.H A H CM rH




M »n Q >t-4C^ r-t tO CM CM en CM en en n HOniftttH CM ^t C»- H ^* Eh CM CM »A ^\0 rH O H >tOH^tO
<»J u> CM rH H H < CM encnO en rH CM <t CM en H H
& rH 8 53
O CO to<n O \Q U> <n\5ho vO CM O -^ rH rH Ocw rH r>vO r>OONHvOnO cm
nO cm -4 to C^
35 O ^ttO CD
rH C<\ m CM>2)rH
1
o-
xf CM <n CM W\





g N C\vO H rr\r-i a O rH C- CO O O CM CO QvO h O
§ C<\n£> ^JtO83 ->* rH -**C» V\*-»vO rH t*- -*CO O en CO •Cb CO CQ en tOC^H\0>5 ^ O C--o o CM en
+»
p























































cm cm cm ***
cv
-**r*- -* o o
»AO rH O vO C-
CM H
c*
O^O ->* envO O




O --t^O sO vO iH
irwO cv en C*- vO
C^\ CM r-\ CM rH CM
-»* O O vO CO rH
00 »A CO (V O en
en C- vO O vfN «A
»nm m rH to o
>tto vO rH »r\ r-(MMOfiO^H
r-i H rH CM
O U> O »A O 00
rH H CM CM
tf
CO CO CO CM CO
en o »rvsO -ten
CM IA CM t-i r-\
IA O -tvO C* "«
envO rH
cm co
-t *a o o>
-* CM CM en CM
vO CM en en CM ^t
co ^o m rH ovo
rH -* en en -t rH
-JO rH CM O C*-4 in r- c- c- c- o
A
r^ <-* H
25OH to CO ->t\0 o o
oto o -t c^v5Eh
<: CM CM H CM H CM
H
CO
rH C*- en en CM c*-
vO »A\0 o O -tO tO »A C- rH COH rH
c^ »a to vO >* cm
rH CM C^
-t O enON^H>tt^
r-i r-4 H t-\ rH
o MS o »a »a «a






CM CM en en
r~t rH Cn->*
-t iAf-vO O\0^) (V>tH
rH «-\ cm *n o
in in
->t
O O «AsO C*»
en rH CO CM
r~i »A -s±C- CM
en to CM en »n
O CM to rH en
«A CO >«*en CM
r-{ H r-\r-\
cm »a c- O en
rH c*-^o o en
en CM H rH H
>t CM rHsO CO
sO m\0 cm co
»n
-^t en cm <-H
C^- O- rH O C-
C0 O rH C^- C-
CM en o^ c*-
r-i r^ r-t
C*-vO C- CM C0
C- rH CO »ArH
CO c- o -*en
























»A >* C"\ -^ OM
OvO C* c\ ^t
CM (V .H
00 >* CM V\ rH
0^>X> H Q ^tC^
CM
r-\ CM CO vfOO
r-H CM ,H
C*- »/n cm »r\ cm
H O --JvO CM
tO CM>vO P»>O O t> 00 CM
cm r- c*- o vnvOHW OnO
-* 00 CMvO O
cm vO »r»w\ oO <M C» irv O
















































1. Ardovino, R. U. S. Bureau of Reclamation/ Sacramento, California.
Personal Communication on 18 September 1969.
2. Ball, T. F. and E. C. LaFond. Shallow Water Turbidity Studies.
U. S. Naval Electronics Laboratory Report , 1129 , 1962.
3. Bumpus, D. F. and A. H. Clarke. Hydrography of the Western Atlantic:
Transparency of the Coastal and Oceanic Waters of the Western
Atlantic . Woods Hole Oceanographic Institution Technical Report
,
10, 1947.
4. Burt, N. V. Distribution of Suspended Materials in Chesapeake Bay.
Journal of Marine Research , 14, 47-62, 1955.
5. CALCOFI Atlas of 10-meter Temperatures and Salinities 1949 through
1959 . California Cooperative Oceanic Fisheries Investigation
Atlas 9, 1968.
6. Fukuda, M. Transparency Measurements in the Baltic Sea. Meddelanden
Fran Oceanografiska Institutet I Goteborgy 27, 1-18, 1960.
7. Greenspan, M. and C. E. Tschiegg. Sing-Around Ultrasonic Velocimeter
for Liquids. Review of Scientific Instruments , 28 , 896-901, 1957.
8. Jerlov, N. G. Particle Distribution in the Ocean. Report of Swedish
Deep-Sea Expedition , 3_, 73-97, 1953.
9. Jerlov, N. G. Factors Influencing the Transparency of the Baltic
Waters. Meddelanden Fran Oceanografiska Institutet I Goteborg , 25
,
1-19, 1955.
10. Jerlov, N. G. Distribution of Suspended Material in the Adriatic
Sea. Archives of Oceanography and Liminology , 11 , 227-250, 1958.
11. Jerlov, N. G. Maxima in the Vertical Distribution of Particles in
the Sea. Deep-Sea Research , 5, 178-184, 1959.
12. Jerlov, N. G. Optical Oceanography, Elsevier , New York, 194 pp.
13. Joseph, J. Extinction Measurements to Indicate Distribution and
Transport of Water Masses. Proceedings of the UNESCO Symposium on
Physical Oceanography , Tokyo, 59-75, 1955.
14. Ketchum, B. H. and D. H. Shonting. Optical Studies of Particulate
Matter in the Sea. Woods Hole Oceanographic Institution Technical
Report , 58-15 , 1958.
15. Reid, J. L., Roden, G. I., and J. G. Wylie. Studies of the California
Current System. California Cooperative Oceanic Fisheries Investigation .
Progress Report 1 July 1956 - 1 January 1958 , 1958.
310
16. Richards, F. A. and T. G. Thompson. The Estimation and Char-
acterization of Plankton Populations by Pigment Analyses. Journal
of Marine Research , 11 , 156-172, 1952.
17. Walsh, R. Special Oceanographic Studies. San Francisco Bay-
Delta Water Quality Control Program Final Report, Task Vll-la
,
1968.
18. Summary of Marine Waste Disposal Research Program in California.
California State Water Pollution Control Board Publication , 22 ,
19. Tyler, J. E. The Secchi Disc. Liminology and Oceanography , 13 ,
1-6, 1968.
20. Wylie, J. G. Geostrophic Flow of the California Current at the
Surface and at 200 Meters. California Cooperative Oceanic
Fisheries Investigation Atlas 4, 1968.
21. Yeske, A. W. and R. D. Waer, The Correlation of Oceanic Parameters
With Light Attenuation in Monterey Bay, California. Thesis, Naval
Postgraduate School, 1968.












3. Department of Oceanography 3
Naval Postgraduate School
Monterey, California 93940
4. Naval Weather Service Command 1
Washington Navy Yard
Washington, D. C. 20390
5. Officer in Charge 1
Fleet Numerical Weather Facility
Naval Postgraduate School
Monterey, California 93940
6. Carmanding Officer and Director 1
Naval Undersea Research & Development Center
Attn: Code 2230
San Diego, California 92152
7. Director, Naval Research Laboratory 1
Attn: Tech. Services Info. Officer
Washington, D. C. 20390
8. Office of Naval Research 1
Department of the Navy
Washington, D. C. 20360
9. Commander, Air Weather Service 2
Military Airlift Command
U. S. Air Force
Scott Air Force Base, Illinois 62226
10. Department of Commerce, ESSA 2
Weather Bureau
Washington, D. C. 20235
11. Oceanographer of the Navy 1
The Madison Building
732 N. Washington Street
Alexandria, Virginia 22314
312
12. Naval Oceanographic Office 1
Attn : Library
Washington, D. C. 20390
13. National Oceanographic Data Center 1
Washington, D. C. 20390
14. Mission Bay Research Foundation 1
7730 Herschel Avenue
La Jolla, California 92038
15. Director, Maury Center for Ocean Sciences 1
Naval Research Laboratory
Washington, D. C. 20390
16. Mr. Roswell W. Austin 1
Visibility Laboratory
Scripps Institution of Oceanography
La Jolla, California 92037
17. Mr. Thomas E. Bailey 1
Central Coastal Regional Water Quality Control Board
1108 Garden Street
San Luis Obispo, California 93401




19. Captain S. I. Bobczynski 1
Pacific Support Group
Naval Oceanographic Office
San Diego, California 92152








22. Mr. Fred H. Dierker 1
Regional Water Quality Control Board
364 Fourteenth Street
Oakland, California 94612
23. Dr. Seibert Q. Duntley 1
Visibility Laboratory
Scripps Institution of Oceanography
La Jolla, California 92037
313
24. Mr. George Eck
Naval Air Development Center
Johnsville, Warminister, Pennsylvania 18974
25. Mr. Gary Gilbert
Stanford Research Institute
Menlo Park, California




27. Dr. R. C. Honey
Stanford Research Institute
Menlo Park, California
28. Mr. Cary Ingram
Pacific Support Group
Naval Oceanographic Office
San Diego, California 92152
29. Professor Alexandre Ivanoff
Laboratoire d ' Oceanographie Physique
de la Faculte des Sciences de Paris
9, Quai Saint-Bernard
Paris (V°) , France
30. Dr. N. G. Jerlov
Institute for Physical Oceanography
Solvgade 83K
Copenhagen, K, Denmark
31. LT Peter S. Labyak, USN
USNS DUTTON (T-AGS 22)
Fleet Post Office
New York, New York 09501
32. Mr. Kenneth V. Mackenzie
Ocean Sciences Department - Code D503
Naval Undersea Research & Development Center
San Diego Division
San Diego, California 92152
33. Dr. Robert E. Morrison
Tracor, Inc.
1735 I Street, N.W.
Washington, D. C. 20006





35. Mr. Larry Ott
Naval Air Development Center
Johnsville, Warminster, Pennsylvania 18974
36. Mr. Robert Owen
U. S. Bureau of Commercial Fisheries
La Jolla, California
37. Dr. John H. Phillips
Hopkins Marine Station
Pacific Grove, California 93950
38. Mr. James Reese
Ocean Sciences Department - Code D503
Naval Undersea Research & Development Center
San Diego Division
San Diego, California 92152
39. Mr. Thomas J. Shoppie
Naval Air Development Center
Johnsville, Warminster, Pennsylvania 18974
40. Mr. Glenn Sorenson
Stanford Research Institute
Menlo Park, California
















45. Mr. John E. Tyler
Visibility Laboratory
Scripps Institution of Oceanography
La Jolla, California 92037
46. Mr. Lowell Van Billiard




47. Mr. Raymond Walsh
San Francisco Bay-Delta Water Quality
Control Program
Resources Building, Room 144
1416 Ninth Street
Sacramento , California 95814
48. LCDR Lanny A. Yeske
USS BAYA, Fleet Post Office





DOCUMENT CONTROL DATA -R&D
(Security classilication of title, body o( abstract and indexing annotation must be entered when the overall report Is classified)
originating activity (Corporate author)
Naval Postgraduate School
Monterey, California 93940




An Oceanographic Survey of the Coastal Waters Between San Francisco Bay and
Monterey Bay, California
4. DESCRIPTIVE no T E S (Type of report and, inclusive dates)
Master's thesis, October 1969
5. AUTHOR(S) (First name, middle initial, last name)
Peter S. Labyak
6. REPOR T D ATE
October 1969
8a. CONTRACT OR GRANT NO.
6. PROJECT NO.
7a. TOTAL NO. OF PAGES
317
76. NO. OF REFS
22
9a. ORIGINATOR'S REPORT NUMBER(S)
9b. OTHER REPORT NOISI (Any other numbers that may be assigned
this report)
10. DISTRIBUTION STATEMENT
This document has been approved for public release and sale; its distribution
is unlimited.




A detailed oceanographic survey of the coastal waters between Monterey Bay
and San Francisco Bay, California, was conducted from 10 through 18 May 1969.
Measurements of beam transmittance , sound velocity, temperature, and particulate
count were obtained. Over 500 water samples were taken for particulate analysis.
The optical properties of this region were found to be very complex. The
waters appeared to be affected by flow from San Francisco Bay, littoral material,
upwelling, and possibly sewage outfalls during the survey. A greater volume of
water with low transmissivity and high particle count existed in the northern
region of the survey area than in the southern region. An eddy system between
Monterey Bay and Point Ano Nuevo was suggested.
Approximately 90 percent of the particles affecting beam transmittance were
less than 12 y in diameter. Particle sizes were found to decrease with increased
depths. A fairly good correlation of beam transmittance with particle count was
observed except in near shore areas.
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